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ABSTRACT 
The Impact of a Mountain Pine Beetle Epidemic on Wildlife 
Habitat and Communities in Post-Epidemic Stands of a 
Lodgepole Pine Forest in Northern Utah 
by 
William E. Stone, Doctor of Philosophy 
Utah State University, 1995 
Major Professor: Dr. Michael L. Wolfe 
Department: Fisheries and Wildlife 
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Natural disturbance events influence the patterns and processes in many forest 
ecosystems. Ecosystem management of coniferous forests in western North America 
requires the recognition of the importance that natural disturbance regimes have in 
achieving sustainable resource production and maintaining biological diversity . 
Mountain pine beetle epidemics have played an historic role in the succession and 
structure of lodgepole pine forests in this region. Their effects on wildlife habitat and 
communities are undocumented, but are presumed to be substantial. I sought to 
quantify these effects in forty 1-ha stands of monotypic, even-aged, mature lodgepole 
pine forest in northern Utah approximately 3-8 years following an extensive 
epidemic. I selected 5 stands that were unaffected by the epidemic and 35 that had 
111 
tree mortalities ranging from 14 to 95 %. Mean understory biomass in 50 1-m2 plots 
demonstrated an exponential increase from 4g m-2 in unaffected stands, 40 g m-2 in 
stands with moderate (51-75% dead) tree mortalities, and up to 110 g m-2 in severely 
(76-100 % dead) affected stands. Plant species diversity and heterogeneity were 
highest in stands with moderate tree mortality. Horizontal visual obscurity (from 0-
2.5 m high) was highest in stands with> 40% tree mortality. Canopy cover and 
volume decreased linearly and curvilinearly, respectively, with increasing tree 
mortality. Foliage height diversity was higher in stands with moderate tree mortality 
than in stands with high, low, or no mortality. Abundance and diversity of avian 
species were highest in stands with moderate tree mortality. Small and medium-sized 
mammal species were more abundant and diverse in stands with moderate and severe 
tree mortality than in stands with no or low (26-50 % dead) tree mortality, but the 
pattern is less clear than for avian species. Fecal pellet groups of large ungulates 
increased linearly with increasing tree mortality, but the pattern of occurrence of 
snowshoe hare fecal pellets to increasing tree mortality was less clear. Insect 
abundance and species diversity increased linearly with tree mortality. Canonical 
correspondence analysis of insect, avian, and mammalian communities revealed that 
understory vegetation biomass, diversity, and heterogeneity, as well as foliage height 
diversity, were the habitat factors that consistently explained the distribution of these 
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6.1 Conceptual illustration of the relationship of bark beetle 
epidemics to other types of disturbance in coniferous forests 
of western North America along temporal and spatial/severity 




Our understanding of the role of natural disturbance in shaping plant and animal 
communities in an ecosystem has evolved with the development of successional theory. 
The classical concept of succession generally viewed disturbance as an unnatural event, 
whereas the modem view perceives it to be a natural occurence dominating most 
communities (West et al. 1981). The effect that a given disturbance has on ecosystem 
communities depends on the disturbance type and regime (White and Pickett 1985). 
The most important attributes of the regime are the intensity and frequency of the 
disturbance. Schowalter (1985) recognized the importance of regime when he 
acknowledged that the rate and direction of community development are primarily 
functions of disturbance frequency and severity. Connell (1978) proposed a general 
functional response of community diversity to increasing levels of disturbance termed 
the "intermediate disturbance" hypothesis (Fig. 1.1). 
Citing research done in tropical rain forests and on coral reefs, Connell (1978) 
proposed that the species composition of communities is seldom in a state of 
equilibrium, that high diversity is maintained only by constantly changing species 
composition, and that diversity is highest when disturbances are intermediate on the 
scales of frequency and intensity. He reasoned that intermediate disturbances precluded 
competitive exclusion that would occur in the absence of perturbations, but are not 
catastrophic to community members as when disturbances are severe. Grime (1979) 
2 
and Huston (1979) concluded that moderate levels of both disturbance and 
environmental stress are necessary for maintaining plant species density. Further 
support for the "intermediate disturbance" hypothesis has been provided more recently 
by Kautsky and Kautsky (1989) for algal species diversity, by Suffling et al. (1988) 
for forest landscape diversity, by Pough et al. (1987) for densities of forest-dwelling 
salamanders, by Armesto and Pickett (1985) for plant species richness in old fields, 
by Leidy and Fiedler (1985) for fish diversity in streams, and by modelling exercises 
performed by DeAngelis et al. (1985). Collins (1987) and Collins and Barber (1986) 
found that plant species diversity was not a simple function of disturbance rate, size, 
and intensity, but included unique features of the disturbance type and timing with 
other disturbance types (cumulative effects) as well. Collins (1992) failed to show that 
intermediate levels of disturbance enhanced heterogeneity in plant species composition 
at small spatial scales, but did influence it at broader spatial scales and over time. 
Reice (1985) could not detect evidence of an intermediate disturbance pattern on 
macro invertebrate densities in disturbed streams. 
The type of disturbance is very important, and should not be overlooked because 
of its intuitive nature. The pattern of forest recovery following a crown fire is almost 
certain to be different than secondary succession resulting from an epidemic of phloem-
feeding insects. An outbreak of bark beetles in a pine forest is a unique type of 
disturbance due to several factors: (1) canopy gaps are typically small but widely 
distributed, (2) affected trees stand dead for considerable time periods, (3) the 
understory vegetation and soil layers are not directly affected by the disturbance agent, 
3 
(4) larger trees are selectively killed by the disturbance agent, (5) return of nutrients 
to the soil is a slower process than that which occurs following fire, and (6) the 
heterogenous pattern of disturbance creates a unique mosaic of vegetation types. These 
characteristics may lend insight into the function of disturbance in plant and animal 
communities. Before discussing what effects beetle epidemics may have on the habitat 
of animal communities, it is necessary to examine the effects of beetle epidemics on 
forest dynamics, specifically epidemics of the mountain pine beetle (Dendroctonus 
ponderosae) (MPB) in stands of lodgepole pine (Pinus contorta) (LPP). 
MOUNTAIN PINE BEETLES 
AND FOREST DYNAMICS 
Loss of timber is the most visible impact of pine beetle epidemics. Historically, 
millions of lodgepole pine trees have been killed annually by the mountain pine beetle. 
During an epidemic, more than a million trees can be killed in a single year on one 
national forest (McGregor and Cole 1985). In 1988, a U.S. Forest Service task force 
(McIntire 1988) estimated that 22.9 million ha of its forested lands were susceptible 
to destruction by mountain pine beetles. They computed the average annual devastation 
of western pine forests by this ubiquitous pest to be in excess of 1.7 million hectares. 
Safranyik (1978) estimated that the beetle was responsible for the loss of two million 
board feet of timber in western North America from 1975 to 1978. Outbreaks of MPBs 
affect many facets of forest stand structure, succession, and synecology. 
At endemic levels, MPBs function similarly to other agents of tree mortality. 
Beetles attack trees that are overmature, malformed, or vulnerable because these trees 
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are under stress from other diseases, parasites, or drought. They remove few 
(primarily dominant overstory) trees from the forest stand. In an endemic state, MPBs 
reduce competition for light, water, and nutrients among the remaining trees (Peterman 
1978). This allows increased vegetative and reproductive growth for unaffected 
survivors in the stand. However, this occurs on such a small scale and over such a 
long period that these processes are often overshadowed by major periodic 
disturbances, such as insect epidemics and/or fire, that are thought to be the primary 
factors influencing evolution of pine ecosystems (Kilgore 1978). 
Outbreaks of MPBs generally affect older, larger trees (Cole and Amman 1969), 
but in "intense" epidemics, saplings may also be killed. The average age of LPP trees 
in outbreak stands is 80 years (McGregor and Cole 1985), but beetles usually spread 
from the older trees in the stand. Thus, outbreaks of MPB usually produce an 
immediate shift in the age and size distribution of the residual stand toward younger 
and smaller trees (Crookston and Stark 1985). 
With approximately half of all overstory trees dying as a result of typical MPB 
infestations, there is an obvious decrease in tree density. Peterman (1978) and 
Crookston and Stark (1985) viewed MPB outbreaks as natural thinning agents. MPB 
epidemics are also perceived as natural phenomena for preventing very dense, stagnant, 
"doghair" stands of LPP (Peterman 1978). 
Recurrent MPB outbreaks result in an accumulation of standing dead and downed 
wood. The increase in snag density is inherent to this disturbance type. Density of 
downed wood varies with percent tree mortality following outbreaks and increases as 
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standing dead boles fall. Beetle-killed LPP trees often persist 20 to 40+ years on the 
ground (Brown 1975). Recent fires in Yellowstone National Park demonstrated the 
importance to forest ecosystems of fuel accumulation primarily from beetle-killed 
timber. Standing dead and downed wood resulting from MPB epidemics increase the 
probability and intensity of stand-replacing fires (Crookston and Stark 1985, Petennan 
1978), which often regenerate LPP (Petennan 1978). 
Patterns of forest succession are altered by outbreaks of MPB. Mountain pine 
beetles may retard or accelerate progress toward a specific stage in a successional 
sequence. The disturbance may trigger a stand-replacing fire, or, alternatively, bring 
about the release of shade-tolerant understory conifers (Waters 1985). Outbreaks of 
MPB may also alter the successional sequence. Species composition changes were 
predicted by Crookston and Stark's (1985) modified Prognosis Model (Stage 1973) on 
the Nez Perce National Forest, Idaho, as a result of a single simulated MPB outbreak. 
In these simulations, subalpine fir (Abies lasiocarpa) was predicted to dominate LPP 
by the end of the rotation in the presence of MPBs. 
The MPB may be more important to the LPP successional sequence through its 
interaction with fire. Kilgore (1978) maintained that LPP is excluded from sites where 
fire frequency is less than 100 to 300 years. Without recurrent MPB outbreaks and the 
associated fuel accumulation, fire may not be sufficiently frequent to maintain these 
pine ecosystems. Brown (1975) noted that the mountain pine beetle overshadowed all 
other insects as a cause of fuel accumulation in lodgepole pine, and that the large 
increase in ground fuel and associated increase in the probability of large, high-
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intensity fires perpetuated LPP. Schowalter et al. (1981) illustrated a similar 
successional sequence for southern pine-hardwood forest affected by fire and southern 
pine beetle (Dendroctonus frontalis) (SPB) epidemics (Fig. 1.2). McGregor and Cole 
(1985) believed that a similar sequence occurs for LPP and MPBs. 
Outbreaks of MPB affect not only the components but also the functioning of the 
entire LPP ecosystem. Crookston and Stark (1985) found that Dendroctonus species 
contribute to the dynamics of scavenging insects, root rots, soil pathogens, and nutrient 
cycling. Romme et al. (1986) concluded that MPBs did not regulate primary 
productivity of pine ecosystems in the Rocky Mountains, but did redistribute energy 
flow and biomass from the top level of the canopy to all parts of the ecosystem. Given 
the significant role that MPBs play in the dynamics of LPP ecosystems, examination 
of their relationships to wildlife habitat is important. 
JUSTIFICATION AND OBJECTIVES 
Approximately 75 percent of the LPP in the western United States occurs on lands 
administered by the U.S. Forest Service, which is mandated by the Multiple Use and 
Sustained Yield Act (74 Stat. 215, 16 U.S.C. 528-531) to consider the many valuable 
resources on its land, in addition to timber, when making management decisions. 
Western pine forests provide important wildlife habitat. The effects of pine beetle 
epidemics on forests are thus a concern to natural resource managers as well as to the 
public that values outdoor recreation, resource conservation, hunting opportunities, and 
ecological diversity. However, Wellner (1978) pointed out that detailed studies of the 
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effects of MPBs on the wildlife community were nonexistent, but that the general 
effect on wildlife is likely to be beneficial, although some species may be adversely 
affected. Therefore, the initial objective for this research was to contrast the animal 
and plant communities in LPP stands following typical outbreaks of the mountain pine 
beetle to similar, but unaffected stands. 
Recent ecological research has demonstrated the paramount role of disturbance in 
driving forest dynamics and determining vegetative structure, distribution, and 
composition (Whitmore 1989). Despite the vast acreage of forested wildlife habitat that 
is currently affected by, or vulnerable to, epidemic outbreaks of bark beetles, this 
remains a disturbance type that has not been well studied (apart from the population 
dynamics of the insect itself), particularly in the context of the "intermediate 
disturbance" hypothesis. In many cases, the ecological effects of a natural disturbance 
on a forested ecosystem are poorly documented because of salvage logging, sanitation 
cuts, and the lack of empirical research. This lack of research into disturbance ecology 
results from the tendency of ecologists to concentrate short -term studies on the 
presumed equilibrium and deterministic properties of biological systems (Karr and 
Freemark 1983). Managers, on the other hand, perceive a need to manage the "crisis" 
and control the "catastrophe" of a natural disturbance. These factors often preclude the 
study of the role of natural disturbance in an ecosystem and the documentation of 
community characteristics following perturbations. Inclusion of the role of natural 
disturbance in forest ecosystems is an essential part of an evolving paradigm to manage 
public lands in the United States: ecosystem management. The second objective then, 
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was to determine the relationship between beetle-caused tree mortality and important 
animal community parameters (density, diversity, richness, and presence/absence). An 
implicit part of this objective was to determine if these relationships conform to the 
expectations of the "intermediate disturbance" hypothesis (Fig. 1.1) or if other patterns 
(perhaps a "threshold effect") might be detected. The effects of disturbance frequency 
of MPB epidemics on LPP stands were not examined during this study because of time 
constraints. Frequency of infestations on a given forest range from 20 to 40 years 
(Cole and Amman 1980). Variable intensity, or severity, of disturbance is hypothesized 
(Connell 1978) to affect community diversity in much the same way as variable 
disturbance frequency, although the mechanism is unclear. Whittaker and Levin (1975) 
posited that both disturbance intensity and frequency affect the reproductive pattern, 
survival of dominant species, and growth-form structure of a community. Thus, an 
evaluation of the effects of disturbance intensity, determined by percent tree mortality 
caused by MPBs, on wildlife communities and habitat should be conducted to quantify 
this essential aspect of the regime. 
Mountain pine beetle epidemics primarily affect wildlife communities by altering 
habitat structure. Presently, we are able to construct hypothetical models that predict 
habitat suitability for some wildlife species or guilds that are based on the values of 
key habitat parameters, but I believe the collection of empirical data concerning the 
effects of this disturbance type and regime on wildlife habitat and communities is 
essential to advance our ecological knowledge and understanding. Therefore, the third 
objective of this research was to determine which habitat attributes are significantly 
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correlated with wildlife density and diversity in beetle-killed forests. A major emphasis 
of this objective was to discover underlying factors (such as "heterogeneity," 
"structural complexity," or "food availability") in the habitat that are most closely 
associated with a particular portion of the animal community. Therefore, the primary 
objectives of this research were to: 
1. Contrast the animal and plant communities in lodgepole pine stands following 
typical outbreaks of the mountain pine beetle to similar, but unaffected, stands. 
2. Determine the relationship between beetle-caused tree mortality and animal 
community parameters. 
3. Determine which habitat attributes are significantly correlated with wildlife 
density and diversity in lodgepole pine stands following a beetle epidemic. 
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Fig. 1.1. The intermediate disturbance hypothesis: species diversity is highest at 









Fig. 1.2. Diagrammatic representation of the southeastern U.S. coniferous forest 
(upland and lowland), illustrating interactions between southern pine beetles and fire. 
Successional transfonnation resulting from fire and SPB extends from left to right--
dotted arrows indicate direction of movement. Fire, a regular feature of the generally 
dry, well-drained uplands, invades generally moist, poorly drained lowlands where 
drought or SPB create favorable conditions. SPB in tum depends upon fIfe for 
regeneration of pine stands. The hardwood climax forest (lowland, far right) results 
from freedom from fife and can be reduced by fife (From Schowalter et al. 1981). 
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CHAPTER II 
RESPONSE OF UNDERSTORY VEGETATION AND FOREST STRUCTURE TO 
VARIABLE TREE MORTALITY FOLLOWING A MOUNTAIN PINE BEETLE 
EPIDEMIC IN LODGEPOLE PINE STANDS IN NORTHERN UTAH 
Abstract 
I examined the response of understory vegetation and forest structure parameters 
beneath monotypic, even-aged stands of lodgepole pine in the context of the intermediate 
disturbance hypothesis following an epidemic of mountain pine beetles in northern Utah. 
I viewed the severity of the disturbance, measured in percent overstory tree mortality, 
as an environmental gradient over which understory vegetation and forest structure 
parameters would respond. I hypothesized that understory biomass would increase 
continually as the tree canopy was reduced and competition with trees for light and soil 
moisture decreased, but that plant species diversity and heterogeneity would peak at 
intermediate levels of beetle-caused tree mortality. Mean understory biomass was an 
order of magnitude greater (40g m-2) in beetle-killed stands with typical levels of 
overstory tree mortality (50-75 %) than in unaffected stands (4g m-2) , and increased 
exponentially with disturbance severity. Frequency of fruit occurrence was directly 
related to increasing tree mortality, but was highly variable. Understory plant species 
richness and, to lesser degrees, indices of diversity that incorporate evenness peaked in 
stands with moderate mortality. Measures of vegetation patchiness, the coefficient of 
variation in mean plot biomass and an index of habitat interspersion, also peaked in 
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stands with intermediate levels of disturbance. 
Tree canopy cover and canopy foliage volume decreased linearly and curvilinearly, 
respectively, as a function of increasing beetle-caused tree mortality. Snag density 
increased linearly with increasing tree mortality, but the percent of the forest floor 
covered with large downed wood exhibited no response to increasing disturbance 
severity. Foliage height diversity demonstrated a quadratic response to the disturbance, 
peaking in stands with approximately 60 % tree mortality. Horizontal visual obscurity, 
an index of cover for wildlife, was extremely low in stands with low mortality, 
increased abruptly in stands with approximately 40 % mortality, and then remained high 
in severely affected stands. 
The response of understory plant species diversity to increasing disturbance severity 
is consistent with the pattern predicted by the intermediate disturbance hypothesis. 
However, other explanations of this pattern are discussed. Although understory plant 
community richness was higher in beetle-killed stands than in unaffected stands, new 
species were not relatively abundant and therefore did not contribute substantially to 
greater evenness in understory plant diversity. I also discuss the importance of forest 
canopy gaps to the observed responses in the understory plant community. Beetle-caused 
structural changes in forest ecosystems have consequences on the suitability of wildife 
habitat. Forest management techniques, including some level of timber harvest, in post-
epidemic stands could benefit wildlife habitat suitability by manipulation of forest 
structure to more desirable conditions. 
17 
Introduction 
The role of natural disturbance in determining community states and transitions in 
various ecosystems throughout the world have received increasing attention from 
ecologists and land managers (Sprugel 1991). Disturbances influence the abundance, 
composition, and distribution of vegetation through modification of the physical 
environment and the spatial and temporal distribution of resources (Tilman 1982; Bazzaz 
1983; White & Pickett 1985; Chaneton & Facelli 1991). Specifically, disturbance 
reduces plant biomass (Reader et al. 1991), releases resources (light, space, soil 
moisture, nutrients) to surviving plants (Canham & Marks 1985), and/or permits new 
species to colonize the site (Grime 1973; Collins 1987). 
The effects that natural disturbances have on communities depend on the disturbance 
type and regime (White & Pickett 1985). Moderate disturbances, in either frequency or 
severity, are hypothesized to enhance species diversity (Connell 1978) and maintain 
plant richness (Grime 1979; Huston 1979). Much of the attention that the "intermediate 
disturbance hypothesis" has received has focused on the frequency rather than the 
intensity of the disturbance regime. Reader et al. (1991) provided a notable exception 
in the plant literature when they demonstrated that understory plant species composition 
changed following tree harvesting in a deciduous forest, but that plant diversity was not 
significantly higher on sites with intermediate levels of harvest compared to sites with 
low or complete tree removal. 
The mountain pine beetle (Dendroctonus ponderosae) is the primary insect agent 
affecting the lodgepole pine (Pinus contorta) ecosystem, and, depending on the 
18 
occurrence of fire, largely determines the successional dynamics in these forests (Cole 
& Amman 1980). Schowalter et al. (1981) concluded the same about the influence of 
southern pine beetles (Dendroctonus frontalis) on pine-hardwood forests in the southern 
United States. A mountain pine beetle epidemic differs from other types of disturbance 
(Cole & Amman 1969; Roe & Amman 1970; Brown 1975; Cole & Amman 1980; 
Romme et al. 1986; W.H. Romme, personal communication) because: (1) larger and 
older trees are selectively killed by the disturbance agent; (2) the understory and soil 
layers are not directly affected by the disturbance agent; (3) the return of nonvolatile 
nutrients to the soil and the response of vegetation production are slower than that which 
would occur following a stand-replacing fire; (4) it hastens successional progress 
towards a climax when lodgepole pine is seral; (5) repeated epidemics shift the stand 
structure from even-aged to uneven-aged; (6) disturbance severity can range widely with 
environmental conditions (elevation, climate, topography), but overstory tree mortality 
is typically moderate, removing approximately 50% of the canopy cover and basal area 
in a few years; and (7) widely distributed gaps in the forest canopy are created when at 
least six to seven large trees in proximity to each other succumb during the epidemic. 
Abundance and composition of understory vegetation in coniferous forests are 
significantly altered following epidemic attacks by bark beetles. Leuschner & Maine 
(1980) estimated a 340 to 1700 kg ha-1 increase in herbage production beneath loblolly 
pine (Pinus taeda) stands following defoliation by the southern pine beetle. 
McCambridge et al. (1982) documented increases of 555 and 962 kg ha-1 in understory 
forbs, grasses, and sedges beneath two ponderosa pine (Pinus ponderosa) stands 3 years 
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after a mountain pine beetle epidemic in Colorado. Koviac et al. (1985) demonstrated 
that herbaceous biomass was 50-100 times as great (increases of 1000-2000 kg ha-1) in 
ponderosa pine stands 5 years after mountain pine beetle infestation than in uninfested 
stands. Yeager & Riordan (1953) reported a 45% increase in herbaceous cover in stands 
of spruce-fir (Picea engelmannii-Abies Iasiocarpa) following an epidemic of spruce 
beetles (Dendroctonus engelmannii), and, more interestingly, twice as many understory 
plant species in beetle-killed stands than in similar (based on elevation, slope, aspect, 
soil type, and fire history) uninfested stands. The biomass response following this type 
of disturbance is predictable because an exponential inverse relationship between 
understory biomass and overstory canopy cover is well documented for many forest 
ecosystems (Ehrenreich & Crosby 1960; Halls & Schuster 1965; Blair 1967; Blair & 
Enghardt 1976; Ford & Newbould 1977; Satoo & Madgwick 1982). The diversity 
response of the plant understory to increasing levels of tree canopy removal is not as 
well understood or predictable (Reader et al. 1991). 
Mountain pine beetle epidemics of moderate mortality are likely to increase 
heterogeneity in the distribution of understory plant biomass. Herbaceous vegetation 
rapidly colonizes the forest floor beneath canopy openings created when a group of large 
trees is killed by bark beetles (Koviac et al. 1985). Sunny forest floor patches beneath 
canopy openings of > 0.0145 ha (Maine 1979) often contain more abundant vegetation 
than shaded patches. The important role of forest canopy gaps in the dynamics of forest 
ecosystems has been widely recognized (White 1979; Whitmore 1989), but Collins et 
al. (1985) noted the complete lack of information about the role of disturbance-caused 
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canopy gaps on the ecology of forest herbs. Amman (1977) reported that patches 
beneath lodgepole pine canopy openings created by the mountain pine beetle are 
eventually reseeded by the dominant overstory species. Whether these patches are 
dominated by trees or herbaceous plants, the distribution of understory vegetation in the 
stand becomes more heterogeneous when production increases beneath these openings 
and remains low in shaded microsites. Understory production is likely to increase 
uniformly throughout the forest floor when intense epidemics result in nearly complete 
overstory tree mortality. This reduces heterogeneity in the distribution of understory 
vegetation. 
I conducted this aspect of research to quantify these community characteristics of 
the understory vegetation response to a mountain pine beetle epidemic, and to determine 
whether plant species diversity was highest in stands that experienced intermediate 
disturbance intensity. Research opportunites in post-epidemic stands are uncommon 
because these stands are typically salvage-logged when economically feasible, and, 
consequently, this is a type of disturbance that is poorly understood. Also, my study 
focused on the intensity of a single disturbance rather than the frequency of disturbance. 
This approach to the examination of the intermediate disturbance hypothesis, while 
somewhat unique, is not substantially different from the original theory. The diversity 
response is the same for frequency and intensity of disturbance, but the mechanisms are 
slightly different. Competition from survivors prevents new species from colonizing sites 
following a low intensity disturbance. Competitive exclusion of established species is the 
mechanism leading to low diversity when disturbances are infrequent. Severe 
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disturbances operate similarly for both intensity and frequency by excluding all but the 
most tolerant species. Connell (1978) cited examples of the diversity response to variable 
disturbance intensity in the years immediately following single disturbance events on 
coral reefs and in tropical forests. He specifically mentioned plagues of insects causing 
tree mortality in forests at various scales of frequency and intensity. His original usage 
of the intermediate disturbance hypothesis focused on an explanation of high local 
diversity in a single disturbance patch, not on diversity at a larger spatial scale that 
includes multiple disturbance patches of various size and time since disturbance as some 
(Schluter & Ricklefs 1993) have assumed. This shifting mosaic of disturbance patches 
within the larger landscape is a predictable consequence of recurring disturbance that 
may explain high diversity at this scale, but was not the subject of Connell's (1978) 
examination of the failure of equilibrium theories to explain how 100 tree species could 
exist together on a single hectare. I sought to quantify responses of herbaceous species 
beneath canopy gaps to contribute knowledge to this poorly understood topic, and to 
broaden our understanding of the relationship between the plant abundance response 
below a single canopy gap and the heterogeneity of vegetation distribution in a forest 
with many gaps following disturbances of variable severity. I believe that a greater 
understanding of these processes is necessary for proper management of these 
ecosystems. 
Epidemics of the mountain pine beetle have a substantial impact on timber resources 
(McIntire 1988; Van Sickle 1989) and forest structure (Romme et al. 1986) in lodgepole 
pine (Pinus contorta) forests of the western United States and Canada. An inherent part 
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of this type of disturbance is an increase in the number of standing dead trees (snags) 
and downed wood and a decrease in canopy cover and volume. The severity of 
epidemics is highly variable, depending on environment (elevation, climate, and 
topography) and stand conditions (age, species composition, density, and vigor) (Roe & 
Amman 1970). Cumulative tree mortality in infested areas is typically moderate (Amman 
& Baker 1972), but can be higher (Parker 1973), especially in the largest tree size 
classes (Cole et al. 1976). This produces an almost immediate shift to younger and 
smaller trees in residual stands (Crookston & Stark 1985). Canopy cover from smaller 
trees persists (Amman & Baker 1972) following epidemics, but increased light 
penetration to the forest floor and reduced transpiration by overstory trees occurs 
following typical levels of tree mortality. These environmental conditions are probably 
responsible for the increased herbaceous production in the understory documented 
beneath post-epidemic stands of ponderosa pine (Pinus ponderosa) (McCambridge et al. 
1982; Koviac et al. 1985). Multistoried lodgepole pine stands have been observed to 
develop following repeated outbreaks of mountain pine beetles (Pfister & Daubenmire 
1975; Cole & Amman 1980), but enhancement of vertical structural complexity appears 
to result from a single infestation as well (Romme et al. 1986). Finally, landscape 
heterogeneity (Peterman 1978; Wellner 1978; Schowalter et al. 1981) and habitat 
interspersion or edge (Maine 1979) have been reported to increase following an epidemic 
of bark beetles in coniferous forests. 
Attributes of forest structure are critical habitat parameters to many forest-dwelling 
wildlife species (Mannan et al. 1994), primarily through their influence on the 
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availability of food and cover (Patton 1992). Snags are an essential habitat element for 
cavity-nesting birds (Scott 1979; Raphael & White 1984), and many other species of 
wildlife are benefitted by their presence (Neitro et al. 1985). However, live conifer trees 
also benefit wildlife species that eat pine seeds (Yeager & Riordan 1953). Downed wood 
provides food and shelter to a wide array of species (Elton 1966; Maser et al. 1979). 
Horizontal visual obscurity near the forest floor provides important security cover for 
wildlife (Wolfe et al. 1982; Thomas et al. 1979b; Higgins et al. 1994). The quality of 
canopy cover is important to the thermal environment of mule deer (Odocoileus 
hemionus) and elk (Cervus elaphus) (Thomas et al. 1979b), and the degree of canopy 
closure is a factor in the species composition (James & Warner 1982; DeGraaf et al. 
1991) and abundance (James & Warner 1982) of bird communities. Foliage height 
diversity has repeatedly been found to be positively correlated with bird species diversity 
(MacArthur & MacArthur 1961; Karr 1968; Willson 1974), but this may be partly a 
function of increased canopy volume (DeGraaf et al. 1991). Roth (1976) determined that 
horizontal habitat heterogeneity was an even better predictor of bird species richness 
than vertical habitat complexity. 
This aspect of the research was conducted to quantify forest structural changes that 
occur in lodgepole pine stands following epidemics of mountain pine beetle and that may 
affect important habitat components for wildlife. I also sought to determine how these 
structural changes responded to increasing severity of the epidemic (indicated by percent 
tree mortality). Ultimately, I was interested in determining whether or not these post-
epidemic stands, which are usually salvage-logged by clearcutting (Fiedler 1989), have 
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significant wildlife habitat values and if these values are affected by the severity of the 
epidemic. The U.S. Forest Service is mandated by the Multiple Use and Sustained Yield 
Act (74 Stat. 215,16 U.S.C. 528-531) to manage its lands for the benefit of wildlife and 
by the regulations of the National Forest Management Act (NFMA) to maintain viable 
populations of vertebrate animals and biological diversity (Code of Federal Regulations 
1986). The agency's new commitment to ecosystem management (Jack Ward Thomas, 
personal communication) as well as NFMA regulations (Code of Federal Regulations 
1986) requires that forests be managed as ecosystems where natural ecological processes 
are allowed to function. Information on the role of natural forest disturbances on wildlife 
habitat is needed to comply with these mandates and goals. 
Methods 
Study area and disturbance agent 
I chose forty 1-ha stands of mature lodgepole pine on the northern slope (elevation: 
2770-2940 m) of the Uinta mountains in the Wasatch National Forest, Utah. An 
epidemic of mountain pine beetles occurred in this area from 1980 to 1987. I established 
three 30 m x 30 m plots in each stand to collect forest inventory data in order to select 
stands that had similar structure prior to the epidemic. In each 30 m x 30 m plot, I 
measured the diameter at breast height of every tree taller than 2 m in height, assessed 
mortality (alive or dead) of each tree, aged 10 overstory trees with an increment borer, 
and determined the heights of 30 dominant trees with a clinometer and metric tape. The 
stand's basal area and mean percent tree mortality were computed from these data. In 
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addition, I also determined the slope, aspect, and elevation of each stand from U.S. 
Forest Service maps to ensure that the research stands were as similar as possible. These 
even-aged stands ranged from 87 to 117 years in age, and originated following stand-
replacing fires near the tum of the century. Cumulative tree mortality during the 
epidemic typically ranged from 50 to 75 % of overstory trees (U.S. Forest Service 
unpublished inventory data), but stand mortality ranged from 14 to 95 % in the stands 
that I studied. Tree densities and basal area in these stands range from 1100 to 1500 
trees ha-1 and 28 to 44 m2 ha-1, respectively. Most stands were located on gently rolling 
terrain with no appreciable slope, but several were located on 20 to 40% slopes. 
I sampled the understory vegetation in 10 of these 40 stands in 1988 and again in 
1989. Tree mortality in five of the stands ranged from 56 to 70 %. Five stands were 
outside of the epidemic area, and served as controls for initial biomass comparisons. 
These control stands experienced slight tree mortality from dwarf mistletoe and 
Armillaria root rot in the recent past. I selected and sampled 10 additional stands 
ranging from 26 to 94% mortality in 1990, and 20 more, ranging from 14 to 95% 
mortality, in 1991 for a total of 40 stands. Forest structural characteristics of the stands 
were measured in the year that stands were selected. Foliage height diversity and 
Patton's edge index were computed from data collected in 1991 only. 
Understory vegetation 
I randomly chose fifty 1-m2 plots in each stand. The aboveground vegetation below 
2 m in height was clipped in each plot in late August, oven-dried at 50> C for 1 week, 
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identified to species, and weighed by species to the nearest 0.5 g in each plot. The 
presence of fruit was recorded in each plot by species. 
Patchiness of vegetation distribution was assessed, in part, by measurement of intra-
stand edge between sunny patches beneath canopy gaps and shady patches beneath the 
forest canopy. Patches of sun and shade (150 m2 or larger) on the forest floor were 
mapped in each stand using the compass-traverse method (Mosby 1980) at or near 
midday. I digitized forest floor patches from the maps using a digitizing tablet and 
ERDAS (ERDAS 1990) software to obtain patch perimeters and area. The intra stand 
edge of these sunny versus shaded patches was computed using Patton's (1975) edge 
index. This diversity index was plotted against percent tree mortality to determine if this 
indicator of vegetation patchiness was a function of epidemic severity. 
Forest structure 
Density of snags in each stand was computed as the product of the total tree density 
and the percent tree mortality. The percent of the forest floor covered with downed 
wood having a diameter of 10 cm or more was visually estimated in ten 10-m2 circular 
plots in each stand. The mean percent downed wood (and standard error) was computed 
from these 10 plots and plotted against percent tree mortality. Mean percent canopy 
cover (and standard error) was computed from spherical densiometer readings taken 
from 30 randomly chosen locations in each stand and plotted against percent tree 
mortality. Canopy volumes for 30 dominant trees were computed using formulae and 
procedures outlined by Sturman (1968) for coniferous trees. Mean canopy volume of 
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these dominant trees was then mUltiplied by the total tree density in the stand and the 
proportion of surviving trees to derive an estimate of the canopy volume for the stand. 
This estimate was plotted against percent tree mortality. The percent horizontal visual 
obscurity (to the nearest 20%) from the forest floor to a height of 2.5 m was determined 
for each of five 0.5-m height increments using eight sightings (from the cardinal 
directions and the midpoints between them) of a Robel pole from 10 random locations 
at a distance of 15 m (Nudds 1977; Griffeth & Youtie 1988). The mean percent visual 
obscurity (and standard error) for each 0.5-m increment was computed from the 80 
sightings in each stand. The means of all of the height increments for a stand were 
plotted together against percent tree mortality to demonstrate a hiding cover profile for 
the 2.5 m above the forest floor. Foliage height diversity was determined using 
procedures described by Karr (1968), except that the three vegetation layers (tree 
canopy, shrub, and herbaceous) were sampled at each meter along five randomly 
located, 50-m transects. 
Data analysis 
The plot mean, standard error, and coefficient of variation of understory plant 
biomass were computed for each stand. I used the coefficient of variation of plot 
biomass as another indicator of the distribution of understory vegetation and regressed 
it against percent tree mortality. I also summed biomass values in each stand by four 
vegetation classes: trees « 2 m), shrubs, forbs, and grasses/sedges. 
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Initially, I tested for significant differences in mean plot biomass between typical 
beetle-killed stands and similar, but unaffected, stands using a split-plot analysis of 
variance (ANOVA) with mortality status and sampling year as variables. On the basis 
of these results, I grouped all of the stands into classes of similar mortality (0-25 %, 26-
50%, 51-75%,76-100%) by sampling year and examined the data for significant year 
effects using several one-way ANOVAs. I also tested for differences in the functional 
responses of mean plant biomass to tree mortality in different years by linearizing the 
responses with a log transformation of mean plot biomass for each year and testing the 
homogeneity of their slopes with an analysis of covariance. Results from these 
comparisons allowed me to pool the data from the 40 stands that were sampled from 
1989 to 1991 for further analyses because the slopes of the log-transformed responses 
of vegetation to increasing tree mortality were not significantly different in those years. 
The response of vegetation abundance to increasing epidemic severity was examined 
by regressing mean plot biomass by percent tree mortality with an exponential function. 
This approach does not determine causality between the level of beetle-caused canopy 
removal and the understory biomass response and is limited by the inherent 
environmental variability in these different sites. However, it may be the only feasible 
approach to investigating the biomass response without introducing other extraneous 
variables, including annual variation in plant production, variation due to time since 
disturbance, and lag time in biomass response following successive removals of canopy 
cover. Finally, the frequency of fruit in the 50 plots sampled in each stand was 
computed and its response to increasing beetle-caused tree mortality was examined. 
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Species richness is simply the number of species detected in each stand. Diversity 
indices were computed using biomass units (g) as a measure of the relative importance 
of an individual species in the understory community. I computed three diversity indices 
that vary in their sensitivity to richness versus evenness (Hill 1973): the Shannon-Wiener 
index (Shannon & Weaver 1963), Margalef's index (Margalef 1958), and the inverse of 
Simpson's index (Simpson 1949; Hill 1973). I examined their values in stands with 
progressively higher beetle-caused tree mortality. The inverse of Simpson's diversity 
index was computed for the hiding cover profile for each stand using the height 
increments as "species" and the percent visual obscurity as "abundance" of the 
"species. " I plotted this index against percent tree mortality to determine if the 
variability in the visual obscurity profile responded to percent tree mortality in a similar 
manner to the mean visual obscurity of the height profile. The foliage height diversity 
for each transect was computed using the inverse of Simpson's diversity index. The 
mean foliage height diversity index (and standard error) was computed from these five 
transects in each stand and plotted against percent tree mortality. 
Results 
Understory biomass 
I identified 101 vascular plant species in the understories of the 40 forest stands, and 
10 of these species produced fruit to varying degrees (Appendix A). All are perrenials 
except for Collinsia parviflora. Four species of mushrooms, Aleuria aurantia, Armillaria 
mellea, Boletus crysenteron, and Russula emetica, were infrequently encountered, but 
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not included in further analyses because of extreme desiccation (and substantial biomass 
loss) following oven-drying of plot samples. 
Mean plot biomass was significantly higher (p = 0.003) in beetle-killed lodgepole 
pine stands than in unaffected stands. Production of understory vegetation was also 
higher (p < 0.001) in these stands in 1989 than in 1988, possibly due to extremely dry 
conditions in 1988. Further analysis (one-way AN OVA) revealed that the year effect 
was due to the biomass increase in the five beetle-killed stands rather than in all 10 
stands (Appendix B). I failed to detect significant (p = 0.274) year effects in an 
examination of the slopes of the linearized mean biomass response functions to percent 
tree mortality (Fig. 2.1). Pooling all 40 stands (data from 1989 used for the 10 stands 
sampled twice) demonstrated that mean plot biomass increased exponentially as beetle-
caused tree mortality became more severe (Fig. 2.2). 
The frequency of fruit for all fruiting species combined was positively correlated 
with beetle-caused tree mortality (Fig. 2.2), but the variability in the presence of fruit 
was high in moderately to severely infested stands. 
Understory plant distribution 
The coefficient of variation in mean understory biomass peaked at moderate levels 
of beetle-caused tree mortality (Fig. 2.2). This parameter, as well as the standard error 
(Fig. 2.2), indicates that variability in plot biomass peaks in stands with moderate 
mortality, and that the biomass of low and high mortality stands is more uniform. 
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Intrastand habitat edge resulting from canopy gaps created by mountain pine beetle 
epidemics was highest at intermediate levels of tree mortality (Fig. 2.2). Edges between 
sunny, vegetated patches beneath canopy gaps and shady, nearly-barren patches beneath 
forest canopies reached peak values in these moderately killed stands. 
Understory plant diversity 
Understory plant species richness and other indices of species diversity were highest 
at intermediate levels of beetle-caused tree mortality (Fig. 2.3). Richness demonstrated 
the strongest quadratic response to increasing tree mortality that is predicted by the 
intermediate disturbance hypothesis. Indices that are more sensitive to evenness 
demonstrated a poorer fit. Grasses/sedges dominate the understory community in stands 
with moderate and severe tree mortality. Forbs and shrubs had greater biomass in beetle-
killed stands with 60 % or more tree mortality than in stands with lower mortality (Fig. 
2.4). Tree biomass appeared to increase in the understory of the moderately killed (61-
80 % mortality) stands. 
Forest structure 
Tree canopy cover and canopy foliage volume decreased linearly and curvilinearly, 
respectively, as a function of increasing percent tree mortality in beetle-infested stands 
(Fig. 2.5). Snag density increased linearly with increasing percent tree mortality (Fig. 
2.5). The percent of the forest floor covered with downed wood, however, demonstrated 
no clear pattern in relation to beetle-caused tree mortality (Fig. 2.5), at least not in the 
few years immediately following the epidemic. Two stands had high levels of downed 
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wood, but they were the only stands sampled that had been affected by a previous 
mountain pine beetle epidemic in the late 1950s and the early 1960s. 
Foliage height diversity was greatest (Fig. 2.6) in stands with moderate tree 
mortality. The diversity index demonstrated a quadratic response to the percent tree 
mortality in beetle-killed stands. Horizontal visual obscurity near the forest floor was 
very low in stands with < 40% tree mortality (Fig. 2.7). This indicator of hiding cover 
quality increased abruptly, especially in the 0.0 to 0.5-m height zone, in stands with 40-
50 % mortality and then remained high in stands with severe mortality. The greater 
proportion of visual obscurity in the 0.0 to 0.5-m height zone relative to the other four 
zones is responsible for the decrease in diversity of the distribution of visual obscurity 




The observed response of understory vegetation abundance to increasing beetle-
caused tree mortality is similar to those observed as the tree canopy is reduced by tree 
harvesting (Halls & Schuster 1965). Release from competition with trees for light, 
water, and nutrients probably allows many plants in the forest understory to grow, 
reproduce, and survive at higher rates. The curvilinear, exponential response of 
understory biomass to increasing tree mortality suggests that the effects of competition 
with trees are additive. My results indicate that epidemics of bark beetles in coniferous 
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forests increase the availability of forage and browse to livestock and wildlife. In the 
absence of intense grazing pressure by wild and domestic herbivores, these stands offer 
nesting and foraging cover to small mammals and birds. 
The frequency of fruit presence is directly, but weakly, correlated to beetle-caused 
tree mortality. Most fruiting species are shrubs (Appendix A), and the presence of fruit 
is partially a function of shrub abundance. Shrub biomass was highest in stands with 
greater mortality, but it is apparent from the variability in fruit frequency that other 
factors are contributing to the presence of fruit in these stands. One plausible factor is 
irradiance level, given the type of disturbance. Shading decreases fruiting success of 
agricultural crops (Jackson & Palmer 1977; Kinet et al. 1978), and brighter light 
increases flowering (Bernier et al. 1981; Zimmer 1985; Dahlem & Boerner 1987) and 
sexual reproductive effort (Pitelka et al. 1980), and reduces fruit abortion (Dahlem & 
Boerner 1987) in forest herbs as well. Pitelka et al. (1980) determined that sexual 
reproductive effort in Aster acuminatus increased linearly as light intensity increased, 
once a minimum light level was reached. The pattern of increasing fruit frequency in 
stands with higher tree mortality that I observed appears to be partly attributable to 
increased light levels following reduction of canopy cover in these stands. 
Understory plant distribution 
The detection of a peak in understory biomass variation in stands with moderate 
levels of beetle-caused tree mortality indicates that the distribution of understory 
vegetation is more heterogeneous in typical beetle-killed stands than in unaffected or 
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severely disturbed stands. Additionally, the response of intra stand habitat edge to percent 
tree mortality that I observed reflects the patchier distribution of understory vegetation 
in beetle-killed stands of intermediate mortality. This phenomenon appears to be a result 
of patch dynamics beneath gaps in the forest canopy. 
Increases in vegetation abundance below a canopy gap are well documented (Moore 
& Vankat 1986; Mladenoff 1990), but investigations of the distribution response of 
understory vegetation in a landscape with many forest gaps have not been conducted. 
Forest ecosystem research (Brokaw & Scheiner 1989) related to Bormann & Likens 
(1979) "shifting mosaic" addressed species composition and successional dynamics in 
forest gaps across the landscape without commenting on the spatial aspects of 
heterogeneity in vegetation abundance. My observations support the logical extension 
of knowledge regarding single-gap dynamics to multigap disturbance events; the increase 
in vegetation abundance beneath canopy gaps causes an inherent increase in 
heterogeneity of plant distribution in landscapes with many forest gaps. 
Understory plant diversity 
My results support the predictions of the intermediate disturbance hypothesis. Despite 
an exponential increase in plant abundance with increasing mortality, species richness 
and, to lesser degrees, indices of diversity peaked in stands with moderate mortality. An 
examination of the responses of the different diversity indices suggests that plant species 
richness, but not the evenness in relative abundance of understory species, is 
substantially higher in stands with moderate tree mortality than in stands with low or 
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high mortality. Richness and evenness are the components of indices that measure 
changes in diversity and indicate how community composition has been altered following 
environmental change. A few species of grass, especially Eiymus eiymoides, dominated 
the understory community in stands that had experienced severe epidemics. Trees 
appeared to increase in abundance in stands with intermediate mortality. However, this 
increase is a result of a previous epidemic (1959-1962) in stands where aspen 
contributed greatly to the understory and midstory vegetation layers. Mean tree biomass 
in this mortality class is comparable (3.80 g m-2) to that in the class above and below 
when these two stands are excluded from the analysis. 
The suite of environmental conditions available to understory plants in stands of 
moderate tree mortality probably allows more plant species to exist within their 
physiological and photosynthetic tolerances as compared to stands with low or high 
mortality. Collins et al. (1985) discussed three types of understory plant responses to 
different light intensities, temperatures, soil moisture levels, and nutrient availabilities 
in forest gaps created by natural disturbances: sun herbs, light-flexible herbs, and shade 
plants. The modified environment within the gap (provided it is large enough) is more 
favorable to species of the first type and can be too harsh for the last (Collins et ai. 
1985). A stand with a high degree of interspersion of forest gaps, shaded areas, and 
boundary zones of intermediate conditions provides suitable conditions to a wider range 
of species with different physiological tolerances. 
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Forest structure 
The results of this study demonstrate that a mountain pine beetle epidemic in 
lodgepole pine stands significantly alters attributes of forest structure that influence 
wildlife habitat suitability. Many of these structural changes are inherent and predictable 
consequences of this disturbance type. However, some of the parameters (horizontal 
visual obscurity, canopy reduction, foliage height diversity) have not been measured in 
post-epidemic conifer stands, particularly in a wildlife habitat context. My results also 
demonstrate that the severity of an epidemic is an important component of the 
disturbance regime for determining the values of many forest structural attributes and 
the suitability of these stands for wildlife. 
An epidemic of moderate severity reduces, but does not eliminate, canopy cover and 
volume. James & Warner (1982) found that, in general, canopy cover was positively 
correlated with bird abundance and diversity, but Szara & Balda (1979) documented that 
many bird species were benefitted by open canopies while others were found mainly in 
closed, densely canopied forests. Reduction in canopy cover below 70% would be 
detrimental to the purported thermal cover values for deer and elk (Thomas et al. 
1979b). 
A moderate reduction of canopy cover enhances foliage height diversity by 
stimulating understory production of shrubs and herbaceous vegetation (results of 
preceding chapter) while a portion of the foliage in the canopy is retained. Severe tree 
mortality does not result in high foliage height diversity because the canopy foliage is 
drastically reduced. The quadratic response of foliage height diversity to percent tree 
37 
mortality suggests that the evenness in abundance of foliage in the three vegetation 
layers was highest in stands with moderate mortality, and that one layer dominated the 
distribution of foliage in stands with low or high mortality. This is partially a 
consequence of the number of vegetation layers measured. All three layers were at least 
represented in each stand. The diversity index could only increase with greater evenness 
in the distribution of vegetation abundance among the three layers rather than from an 
increase in the number of layers (richness). However, measurement of foliage height 
diversity using finer height increments would not likely alter the quadratic relationship 
in this case because all of a tree's foliage is lost following beetle-caused mortality . In 
the case of forest canopy disturbance by defoliators that selectively remove foliage at 
different heights in the canopy, techniques that are capable of finer measurement of 
foliage height diversity are justified by the importance of this forest structural parameter 
to birds. 
The response of the understory to increased light following reduction of the canopy 
layer is largely responsible for the greater horizontal visual obscurity near the forest 
floor in beetle-killed stands. Increased hiding cover for prey from their terrestrial 
predators occurs in stands with approximately 40 % or more tree mortality. However, 
the reduction of canopy cover may make small mammals more vulnerable to avian 
predation, especially in severely disturbed stands. The explanation of the quadratic 
response in the diversity of horizontal visual obscurity among the five height zones is 
similar to the one for the foliage height diversity response. Diversity can only be 
increased by greater evenness in the distribution of visual obscurity among the five 
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measured height zones (since they were all represented at least once in each stand) and 
not by an increase in zones (richness). The number of height zones used to measure this 
parameter was probably sufficient in this case. However, the limitations of the 
descriptive index of variability in the vertical distribution of hiding cover make 
meaningful information on this potentially important wildlife habitat parameter difficult 
to reveal. 
Dead wood is an important habitat component in forested ecosystems. Although snag 
densities in our control and beetle-killed stands were more than sufficient to qualify as 
suitable cavity nesting habitat by most standards (Thomas et al. 1979a; Neitro et al. 
1985), the abundance of snags can enhance insectivorous bird populations by providing 
higher amounts of insect food (Robinson & Bolen 1989). Live trees also provide wildlife 
food. Extensive reduction of canopy volume in severe epidemics could be detrimental 
to animals that eat conifer foliage and buds or glean insects in the canopy. Reduction 
of spruce seeds following a severe epidemic in Colorado appeared to be detrimental to 
pine grosbeaks (Pinicola enucleator) and red squirrels (Tamiasciurus jremonti) (Yeager 
& Riordan 1953). However, lodgepole pine trees are prolific seeders with strong cone 
crops every 1 to 3 years (Lotan & Critchfield 1990). A single lodgepole pine tree 
produces tens of thousands of seeds during a strong cone crop (Clements 1910, cited by 
Fowells 1965). Thus, food is not likely to be limiting to obligate pine seed foragers 
except in the most severe epidemics. Downed wood provides important habitat and food 
to wildlife, but we failed to detect any appreciable change in downed wood in our stands 
10 years after the commencement of the epidemic. However, two stands known to have 
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been affected by a previous epidemic approximately 30 years ago had significant levels 
of downed wood. 
Conclusion 
The severity of an epidemic may have successional consequences for lodgepole pine 
stands. Cole & Amman (1980) measured a greater growth rate of subalpine fir beneath 
lodgepole pine stands with higher beetle-caused tree mortality, indicating a hastening of 
succession toward the climax forest. I observed that severely disturbed stands often 
(except on steep slopes) resemble wet meadows with dense stands of grasses and sedges. 
The few trees in the understories of these stands are sufficiently large to be considered 
residuals that were present prior to the disturbance. Grasses appear to suppress 
lodgepole pine regeneration in these stands. However, grass is less abundant in gaps of 
stands with moderate mortality, and there are numerous small seedlings of lodgepole 
pine and/or aspen present in these gaps (with no influence of fire). The presence and 
relative dominance of aspen in the understory communities of many disturbed stands 
with intermediate mortality are intriguing because of the consequences for the future 
development and management of disturbed stands. A reoccurrence of epidemic mountain 
pine beetle activity in stands where lodgepole pine is persistent in 20-30 years could give 
aspen a competitive advantage in the midstory layer, allowing it to dominate lodgepole 
pine in the overs tory for a number of years. An introduced or natural fire might favor 
the regeneration of lodgepole pine where cones are serotinous (Brown 1975), but many 
environmental factors would affect the outcome. Silvicultural techniques directed at 
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favoring one outcome or the other (thinning pine or introducing fire) could be used when 
environmental conditions are appropriate for achieving management objectives in these 
disturbed areas. 
My results support the prediction of the intermediate disturbance hypothesis that 
species diversity will be highest at intermediate intensities of environmental disturbance. 
However, there are alternative explanations of this pattern, including, but not limited to, 
the environmental heterogeneity model (Bratton 1976; Ricklefs 1977; Tilman 1982) and 
the species-abundance curve model (Christensen & Peet 1982). Proponents of the former 
model could interpret my results to be caused by greater structural diversity in forest 
canopy cover in stands with moderate mortality. The heterogeneity in light and thermal 
regimes in these stands provides more niches (incorporating MacArthur's 1965 niche 
differentiation hypothesis) to plant species than a homogeneous environment. This model 
views competition as a force that maintains high diversity by restricting species to 
narrowly defined niches. In contrast, competition is perceived to exclude species in the 
absence of disturbance or predation by proponents of reduction-mediated models, of 
which the intermediate disturbance hypothesis is one variant. The species-abundance 
curve model maintains that an increase in plant abundance is sufficient to explain an 
increase in species richness. This model fits our results except in stands with severe tree 
mortality. 
I did not investigate the ultimate causal mechanism(s) for the diversity response that 
I observed, except that it was quadratically correlated with tree mortality. Stronger 
support for the validity of the intermediate disturbance hypothesis would require 
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investigation of species colonization and extinction rates on sites with varying levels of 
disturbance in order to adequately examine the role of competitive exclusion. Collins 
(1987) hypothesized that grazing of prairie sites would increase immigration of new 
species in disturbed patches where biomass had been removed and resources had been 
made available. However, Glen & Collins (1992) determined that species immigration 
and extinction rates on grazed or burned sites were highly variable but not significantly 
different than undisturbed sites. Reader et al. (1991) listed several reasons to explain the 
failure of plant diversity to respond to disturbance intensity as predicted by the 
intermediate disturbance hypothesis. The last of these was the lack of propagules of new 
species outside of the disturbed area that could immigrate to and exploit released 
resources on disturbed sites. Further research on colonization and extinction rates in 
disturbed sites with varying levels of disturbance frequency or severity needs to be 
conducted to determine the role of competition and disturbance in shaping plant 
communities. 
These results suggest that mountain pine beetle epidemics alter forest structure to 
the benefit of some wildlife species and the detriment of others, depending on their 
particular habitat requirements. The severity of the epidemic may determine whether the 
impact is positive, neutral, or negative for a given animal's habitat. The availability of 
wildlife habitat suitability models and forest structure data in post -epidemic conifer 
stands can assist the decision-making process of forest managers committed to 
conserving wildlife resources following outbreaks of the mountain pine beetle. 
Opportunities to enhance wildlife abundance and diversity by improving habitat quality 
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exist in post-epidemic forests. Salvage logging, thinning, prescribed fire, replanting, or 
no action are a few of the forest management options that could be used to improve 
wildlife habitat depending on the management species, beetle-caused changes to forest 
structure, and the desired future condition of the forest. Salvage logging in stands with 
severe mortality is likely to have less of a detrimental impact on wildlife habitat values 
than in stands with moderate tree mortality, particularly if logging practices preserve the 
understory vegetation. Removal of some live and dead trees in stands with low mortality 
(20-40 %) might also be beneficial to wildlife by creating forest structure conditions that 
mimic stands with moderate (50-75 %) mortality. Forest ecologists and entomologists 
have recognized the important role of mountain pine beetles in maintaining lodgepole 
pine ecosystems. Forest managers can achieve, and perhaps surpass, the wildlife and 
timber resource goals on their forests despite the intervention of this insect pest. 
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Fig. 2.1. Relationship of log-transformed mean biomass production of understory vegetation and percent tree mortality in 
40 beetle-killed lodgepole pine stands (10 stands sampled twice) for four consecutive years in northen Utah. 
v.. 
....... 
1U8·U81 b) 1989·1991 a) 
:] JI 50 Y - 3.90 • 10A(0.0155x) y. . 2.94 + O.34x • RA2.0.963 RA2.0.537 
40 • • 
• 80 fl! • • MEAN BIOMASS OF UNDERSTORY VEOET ATiON 30 (g m·2) 





20 40 60 80 100 0 20 40 60 80 100 
PERCENT TREE MORTAUTY PERCENT TREE MORTAUTY 
C) 1"'·1'81 d) 11 1 1 120 5 y. . 14.57 + 2.62x ·0.023xA2 
• -I RA2.0.514 y. . 1.73 + O.20x • 0.002XA2 • 
100 -I • RA2 _ 0.703 
• 4 ... • 
• COEFFICIENT OF VARIATION 
:] • • IN MEAN BIOMASS OF • 3 UNDERSTORY VEOETAnON PATTON'S 
• • DIVERSITY INDEX 
• OF HABITAT EDaE 
2 
40-1 / -. • 
• 20~ IL/ •• 
rl 
o I L I I I 0 0 20 40 60 80 100 0 20 40 60 80 100 PERCENT TREE MORTAUTY 
PERCENT TREE MORTAUTY 
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Fig, 2.3, Relationship of understory plant species biomass diversity, measured by four diversity indices, a) species richness, 
b) Margalef's simple diversity index, c) the Shannon-Wiener diversity index, and d) the inverse of Simpson's diversity 
index to percent tree mortality in 40 beetle-killed lodgepole pine stands in northern Utah, 1989-1991 (pooled). Vl v.> 
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Fig. 2.4. Relationship of understory vegetation class biomass to levels of percent tree mortality in 40 beetle-killed lodgepole 
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Fig. 2.5. Responses of a) mean percent canopy cover, b) canopy foliage volume, c) snags/hectare, and d) mean percent 
downed wood to percent tree mortality in forty post-epidemic lodgepole pine stands affected by mountain pine beetles in 
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Fig. 2.6. Response of foliage height diversity among three vegetation layers (tree 
canopy, shrubs, grass/forbs) to percent tree mortality in forty post-epidemic lodgepole 
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Fig. 2.7. Response of mean percent horizontal visual obscurity in five O.5-m height zones above the forest floor to percent 
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Fig. 2.8. Inverse of Simpson's diversity index of mean percent horizontal visual 
obscurity values in five O. 5-m height zones above the forest floor as a function of tree 
mortality in forty post-epidemic lodgepole pine stands affected by mountain pine beetles 
in northern Utah. 
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CHAPTER III 
AVIAN AND MAMMALIAN COMMUNITY RESPONSES TO VARIABLE TREE 
MORTALITY FOLLOWING A MOUNTAIN PINE BEETLE EPIDEMIC IN 
LODGEPOLE PINE STANDS IN NORTHERN UTAH 
Abstract: I investigated avian and mammalian abundance and diversity in lodgepole pine 
stands following an epidemic of mountain pine beetles in northern Utah in the context 
of the intermediate disturbance hypothesis. I determined that avian community diversity 
indices (species richness, S; the inverse of Simpson's index, l/S.I.; and the Shannon-
Wiener index, H') were highest (S :=:: 30, l/S.I. :=:: 20, H' :=:: 3.2) in stands with 
moderate (50-75 % dead) tree mortality compared to stands with lower (S :=:: 10, l/S.I. 
:=:: 5, H' :=:: 2.0) or higher (S :=:: 20, l/S.I. :=:: 15, H' :=:: 2.6) mortality. Mammalian 
community diversity demonstrated no significant response to tree mortality, except that 
it was greaterer in beetle-killed stands (S = 6-8, l/S.I. :=:: 4, H':=:: 1.5) than in 
unaffected stands (S = 2-5, l/S.I. :=:: 2.5, H' :=:: 1.0). Bird abundance was highest in 
stands with moderate tree mortality (40-50 birds/ha) than in stands with low (:=:: 10 
birds/ha) or high (15-20 birds/ha) mortality. Small mammal abundance was also greatest 
in stands with moderate tree mortality (40-80 small mammals/ha) than in stands with low 
(5-25 small mammals/ha) mortality or high (:=:: 20 small mammals/ha) mortality. Fecal 
pellet group surveys of ungulates indicated a direct linear relationship between use of 
beetle-killed stands and percent tree mortality. My results support, in part, the diversity 
pattern predicted by the intermediate disturbance hypothesis, but alternative explanations 
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are discussed. Wildlife responses to beetle epidemics suggest that this type of 
disturbance has value to wildlife communities and should be an integral part of forest 
ecosystem management. 
Introduction 
Bark beetle epidemics have major consequences for timber resources in mature 
coniferous forest ecosystems in North America. Tree mortality caused by bark beetles 
in the United States exceeds that of all other natural agents combined, including fire 
(Massey 1974). A U.S. Forest Service task force (McIntire 1988) computed the average 
annual devastation of western pine forests by a single species of bark beetle, the 
mountain pine beetle (Dendroctonus ponderosae), to be in excess of 1.7 million ha. 
Over 75 % of lodgepole pine (Pinus contorta) forest, a favorite host species of the 
mountain pine beetle, in the United States occurs on publicly-owned national forest lands 
(Waters 1985). The U. S. Forest Service is mandated by the Multiple Use and Sustained 
Yield Act (74 Stat. 215, 16 U.S.C. 528-531) to manage these forests to benefit wildlife, 
in addition to tiinber and the land's other valuable resources. 
Western pine forests provide important wildlife habitat (Waters 1985), but Wellner 
(1978) concluded that detailed studies of the effects of mountain pine beetles on wildlife 
appeared to be nonexistent. Research on wildlife habitat relationships in beetle-killed 
forests is typically impossible to conduct because of sanitation cuts and salvage logging. 
However, Yeager & Riordan (1953) conducted a reconnaissance survey of small 
mammals and birds occurring in Colorado engelmann spruce (Picea engeimannii) 
61 
following an epidemic of spruce beetles (Dendroctonus engelmanni). They observed 
more chipmunks (Eutamias minimus), meadow mice (Microtus spp.), woodpeckers, and 
pikas (Ochotona princeps) in beetle-killed timber than in unaffected "green" stands. 
They reasoned that the lack of food was responsible for the fewer pine squirrels 
(Tamiascirus fremonti) and pine grosbeaks (Pinicola enucleator) they observed in beetle-
killed timber compared to "green" stands. Other species, principally big game, appeared 
to be unaffected by the epidemic. In a qualitative study, Maine (1979) equated the 
effects of small clearcuts to the impact of southern pine beetle (Dendroctonus frontalis) 
epidemic "spots" in loblolly pine (Pinus taeda) forests in the southeastern United States. 
He concluded that many terrestrial species were positively affected by the epidemic, 
primarily as a consequence of habitat alteration and resource availability, but most were 
unaffected, and a few species (woodpeckers and tree squirrels) were detrimentally 
affected. Finally, Belanger et al. (1988) predicted that managed red-cockaded 
woodpecker (Picoides borealis) colony sites in Georgia would not be highly susceptible 
to attack by the southern pine beetle because mature pine trees in these sites are 
maintained at exceptionally low densities. Despite the extensive forested area affected 
by bark beetle epidemics, effects on wildlife communities have not received intensive 
investigation. 
I sought to quantify avian and mammalian community responses to a mountain pine 
beetle epidemic, and to determine what effects, if any, epidemic severity has on wildlife 
abundance and diversity. The mountain pine beetle's role in the maintenance and 
functioning of coniferous ecosystems is well documented (Amman 1977; Peterman 1978; 
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Cole & Amman 1980; Schowalter et al. 1981; Wood 1982; Romme et al. 1986; Gibson 
1989a). This not withstanding, the U.S. Forest Service's enlightened policy of integrated 
pest management features suppression of bark beetle populations and control of epidemic 
outbreaks (Coulson & Stark 1982; USDA 1987). When all control techniques prove 
unsuccessful, salvage logging of beetle-killed timber becomes the management focus 
(Fiedler 1989; Logan pers. comm.). The concept of ecosystem management recognizes 
forests as complex ecosystems that are composed of interacting biotic and abiotic 
elements. The processes and functions that characterize these interactions are critical to 
the maintenance and integrity of the ecosystem. Resource goals are secondary to 
sustained ecological integrity of the ecosystem in an ecologically-based approach to 
ecosystem management. This research was designed to determine if wildlife values in 
lodgepole pine forests were enhanced by beetle epidemics and whether policy changes 
in forest pest management might be warranted to achieve the goals of ecosystem 
management. The U. S. Forest Service has recognized the critical role that fire has in 
coniferous ecosystems. However, fire suppression remains an appropriate management 
practice depending on the desired future condition of the forest and on the specific 
management objectives of the agency. Ecosystem management requires that the public 
land management agencies consider the values of beetle epidemics to all forest resources 
when planning their management strategies. 
I examined wildlife diversity responses in the context of the intermediate disturbance 
hypothesis (Connell 1978). My approach is somewhat unique because I examined the 
diversity effects following a single disturbance event that varied in severity rather than 
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the effects determined by the frequency of multiple disturbances. However, the tenets 
of the theory vary only slightly for this application. Competition from survivors prevents 
new species from colonizing sites following disturbances of low intensity. Competitive 
exclusion of established species is the mechanism leading to low diversity when 
disturbances are infrequent. Severe disturbances operate similarly for both intensity and 
frequency by excluding all but the most tolerant species. Connell (1978) cited examples 
of the diversity response to variable disturbance intensity in the years immediately 
following single disturbance events on coral reefs and in tropical forests. He specifically 
mentioned plagues of insects causing tree mortality in forests at various scales of 
frequency and intensity. My results may be examined to determine whether wildlife 
diversity peaks in stands with intermediate disturbance intensity (measured by percent 
tree mortality), but should not be interpreted as a formal test of the tenets of this theory. 
Indeed, there are many alternative, and not necessarily mutually exclusive, hypotheses 
that explain shifts in community diversity (e.g., niche diversification, dominance 
reduction, habitat complexity/contiguity, etc.). 
Methods 
Study Area 
I chose forty 1-ha stands of mature lodgepole pine on the northern slope of the Uinta 
mountains in the Wasatch National Forest, Utah. An epidemic of mountain pine beetles 
had occurred in this area (elevation: 2769-2942 m) from 1980 to 1987. Cumulative tree 
mortality during the epidemic typically ranged from 50 to 75% of overstory trees (U.S. 
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Forest Service unpublished inventory data), but I measured mortality ranging from 14 
to 95 % in the stands that I studied. Tree densities and basal area in these stands range 
from 1100 to 1500 trees ha-1 and 28 to 44 m2 ha-1, respectively. Most stands were 
located on gently rolling terrain with no appreciable slope, but several were located on 
20 to 40% slopes. 
The avian community was not censused during the first year of the study (1988) to 
allow for observer training and the determination of an effective plot radius for sampling 
in this type of terrain. Birds were sampled in 10 stands (5 beetle-killed and 5 unaffected 
stands) in 1989. Tree mortality in the beetle-killed stands ranged from 56 to 70%. The 
unaffected stands were outside of the epidemic area, and they served as controls for 
initial comparisons. I selected and sampled 10 additional beetle-killed stands in 1990 
plus the original 10 stands previously described. Tree mortality in these new stands 
ranged from 21 to 92 %. In 1991, I selected and sampled 20 additional stands (for a total 
of 40 stands sampled). In 1992, the same stands were sampled as in 1991 except for one 
stand (tree mortality: 82 %) that had been clearcut following the 1991 census. The small 
and medium-sized mammal community was censused in the 10 original stands in 1988 
and again in 1989. In 1990, this community was censused in only the 10 additional 
stands that were chosen that year. Fecal pellet groups of large ungulates were counted 
in the 10 original stands from 1988 to 1991, in the 20 selected stands in 1990, and in 
all 40 stands in 1991. The presence of snowshoe hare fecal pellets was recorded in these 
same stands beginning in 1989. 
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Field Techniques and Statistical Analyses 
Forest stand measurements 
I established three 30 m x 30 m plots in each stand for determination of density, 
basal area, age, height, and percent mortality of lodgepole pine trees. The diameter at 
breast height (DBH) of each tree over 2 m high was measured in each plot. An 
assessment of each tree's status (alive or dead) was made at this time. I determined 
mean tree density, basal area, and percent mortality for the stand from these 
measurements. Ages of 10 overstory trees in each plot were determined with an 
increment borer to estimate the mean age of these even-aged stands. I also measured the 
heights of 30 dominant trees with a clinometer and metric tape. I collected these data, 
as well as other forest inventory data, to select stands that had been similar in structure 
prior to the epidemic. 
Avian community 
I censused the avian community using the fixed-radius plot technique (Wakely 
1987). Preliminary sampling indicated that 25 m was the effective plot radius in these 
stands. I located four permanent circular plots, each 1963 m2, in each comer of a given 
stand and sampled them in the early morning or evening on five different days from late 
May to the middle of July. I conducted all of the bird sampling. Birds were observed 
from each plot in the stand for 10 minutes after a one-minute delay following arrival at 
the center of the plot. The species of each bird in each plot was identified by visual and 
vocal cues. I tallied the number of birds seen and their species for each plot. The mean 
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number of birds per plot was determined by dividing the total number of birds seen at 
the plot by the number of days that the plot was sampled. The mean number of birds 
per day in a plot for all plots was summed and divided by the number of plots per stand 
and then extrapolated to the total area of the stand to obtain a mean density estimate. 
Variability in bird detections between plots in a stand was computed using the product 
of the standard error and a finite population correction factor because approximately 
78.5% of each stand was sampled using this design. I computed abundance for 12 
species individually (including an arboreal mammal: the red squirrel) and five functional 
groups of birds (guilds) from these data to examine the impact of the disturbance more 
closely. These individual focal species and guilds (Table 3.1) were chosen based on life 
history traits (Bent 1963a, 1963b, 1964a, 1964b, 1964c; DeGraaf et al. 1991), 
particularly food type, foraging method, and/or an apparent association with open 
canopies or dead trees. I regressed bird abundance for all species, focal species, and 
species groups against percent tree mortality in the sampled stands for a given year. 
Direct, and inverse (in the case of the first guild), linear responses in abundance were 
expected among functional groups as disturbance intensity increased, based on the likely 
change in resource availability that defined the guild. Overall bird abundance (and also 
small mammal abundance) was regressed against tree mortality with a quadratic 
polynomial because of the diversity in life history traits for the taxa. I reasoned that if 
intermediate disturbances are correlated with greater numbers of species, then it was 
possible that the total abundance of individuals within these species might also be highest 
at intermediate disturbance levels. 
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Species richness is simply the number of species detected in each stand. I also 
computed two diversity indices that vary in their sensitivity to richness versus evenness 
(Hill 1973): the Shannon-Wiener index (Shannon & Weaver 1963) and the inverse of 
Simpson's index (Simpson 1949; Hill 1973). These values were plotted and regressed 
against percent tree mortality. 
Small and medium-
sized mammals 
I trapped small (Peromyscus maniculatus, Eutamias minimus, Eutamias umbrinus, 
Citellus lateralis, Tamiasciurus hudsonicus, Glaucomys sabrinus, Clethrionomys gapperi, 
Sorex cinereus) and medium-sized (Mustela erminea, Mephitis mephitis, Lepus 
americanus, Erethizon dorsatum) mammals in small and large Sherman live traps and 
in Tomahawk wire-cage traps. Sherman traps were baited with peanut butter and oats. 
Wire-cage traps were baited with hamburger, fish, sliced apples, or a commercially 
available scent lure for furbearers. I placed each type of trap in a web design (Anderson 
et al. 1983) with 8 lines of 20 traps per line spaced 3 m apart for small Sherman traps, 
15 traps per line spaced 4 m apart for large Sherman traps, and 6 traps per line spaced 
10 m apart for wire-cage traps. Each web occupied an area of approximately 1 ha. Each 
web type was used once in each stand during the summer. Traps were opened shortly 
after sundown for 4 nights and then closed after checking the traps each morning. 
Trapped animals were marked (toe-clip for rodents, ear tag for all others), identified 
to species (except for two closely-related species of chipmunks that could not always be 
distinguished in the field), and then released. The position in the web for each newly 
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marked animal was recorded. Recaptured animals were tallied but not included in an 
estimate of population size. Densities of small mammals and selected individual species 
were computed using program TRANSECT (Laake et al. 1979) modified for the web 
design (Anderson et al. 1983). Density estimates for the stand were approximately equal 
to the number of animals trapped in the web because both occupy 1 ha (square versus 
a circle). Therefore, the sample represents a true census and the computation of standard 
errors is not appropriate. Differences in small mammal density between groups of stands 
with similar mortality levels (0-25%,26-50%,51-75%, and 76-100%) were tested using 
an analysis of variance and a Fisher's LSD test. The density of small mammals in stands 
sampled twice were averaged over both years for this comparison. I computed diversity 
indices for all small and medium-sized mammals and plotted them against percent tree 
mortality in the same manner as was performed for birds. The presence or absence of 
medium-sized mammals (excluding the snowshoe hare) was also examined with an 
analysis of the homogeneity of proportions for groups of stands with similar mortality 
levels (0-25%, 26-50%, 51-75%, and 76-100%). 
Fecal pellet surveys 
I counted the number of fecal pellet groups of mule deer (Odocoileus hemionus), elk 
(Cervus elaphus) , and moose (A Ices alces) as an index of their relative abundance in 
stands affected by epidemics of the mountain pine beetle. The presence of snowshoe 
hare pellets was also recorded. I counted pellet groups in fifty 10-m2 permanent circular 
plots in each stand. Five plots were clustered around 10 randomly chosen points that 
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were marked with a stake. Pellet groups were removed from each plot after counting in 
the late summer. The mean number of pellet groups per 10-m2 plot in each stand was 
plotted and regressed against percent tree mortality. Differences between groups of 
stands with similar mortality levels (see Table 3.2) in the number of pellet groups per 
plot (essentially presence-absence) were tested for each species in each year using a test 
of the homogeneity of proportions. 
Results 
Avian Community 
I detected 39 bird species (Table 3.1) in my research stands during the four 
summers from 1989 to 1992, observing all of the species previously recorded (Winn 
1976) in the lodgepole pine ecosystem of the north slope of the Uinta mountains prior 
to the beetle epidemic. I recorded 16 additional species of birds in lodgepole pine stands 
that were not recorded by Winn (1976) but are known to occur in other habitat types in 
the Uinta mountains. 
A vian community diversity was highest in stands with intermediate levels of tree 
mortality (Fig. 3.1). The number of bird species (richness), and two indices of diversity 
that incorporate relative evenness of species abundance, demonstrated a quadratic 
response to disturbance intensity predicted by the intermediate disturbance hypothesis. 
Bird abundance was highest in beetle-killed stands with moderate levels of tree 
mortality (Fig. 3.2). The abundance of birds that primarily utilize pine seeds and foliage 
or glean insects in the tree canopy was also highest in stands with moderate mortality 
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(Fig. 3.3), but was low or nonexistent in stands with high tree mortality. Groups of bird 
species that nested in secondary tree cavities (Fig. 3.4), hawked insects (Fig. 3.5), 
excavated tree trunks for insects (Fig. 3.6), or foraged on the ground for plants or 
insects (Fig. 3.7) were all more abundant in beetle-killed stands with moderate tree 
mortality that in stands with high or low mortality. Abundance responses of individual 
species to increasing tree mortality varied. Western tanagers, mountain bluebirds (Fig. 
3.8), downy woodpeckers, and red-breasted nuthatches (Fig. 3.9) were only detected in 
stands with moderate or high tree mortality. Olive-sided flycatchers (Fig. 3.10) also 
appeared to benefit from increasing beetle-caused tree mortality. Abundance of chipping 
sparrows (Fig. 3.10), juncos, flickers (Fig. 3.11), gray jays, and Audubon's warblers 
(Fig. 3.12) did not appear to be affected by tree mortality. Pine grosbeaks, red squirrels 
(Fig. 3.13), and perhaps Audubon's warblers, appeared to be unaffected by increasing 
tree mortality except in stands with high tree mortality where they were absent. 
Mammalian Community 
I trapped 11 species of small and medium-sized mammals (combining the two 
species of chipmunks into one). I also tried, but failed, to trap marten (Martes 
americana) in any of my research stands despite their presence in lodgepole pine forests 
in the area (Hargis pers. comm.). 
Small and medium-sized mammal diversity was highest in stands with moderate and 
high tree mortality (Fig. 3.14), but the quadratic response predicted by the intermediate 
disturbance hypothesis did not adequately describe the data I collected. Mammal richness 
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demonstrated the best fit of the data to a quadratic response. Diversity indices that 
incorporated sensitivity to evenness of species abundance did not support the diversity 
response pattern hypothesized by the intermediate disturbance hypothesis as well. 
Abundance of small mammals was highest in stands with moderate tree mortality 
and low in stands with very high mortality or low mortality (Fig. 3.15). Small mammal 
abundance differed significantly (p = 0.0106) by tree mortality class, but the mean 
number of small mammals in the 51 to 76% mortality class was the only significantly 
different (p < 0.05) mean among the classes of stands with similar tree mortality. 
Abundance of individual small mammal species and snowshoe hares (Fig. 3.16) did not 
appear to be affected by percent tree mortality except for red-backed voles and 
chipmunks, which were more numerous in stands with moderate tree mortality, and 
flying squirrels and golden-mantled ground squirrels, which were more abundant in 
stands with moderate or high mortality. The response of the red-backed voles may be 
attributed to a previous beetle epidemic in two stands in the early 1960s where the 
amount of downed wood was much higher than in the other beetle-killed stands. 
Medium-sized mammals were only trapped in stands with moderate tree mortality (51-
75 % dead). A chi-square test of the homogeneity of proportions indicated that the 
trapping success was significantly higher (p < 0.001) in this group of stands than in 
others of lower (0-25%, 26-50% dead) or higher (76-100% dead) mortality. 
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Fecal Pellet Surveys 
The number of fecal pellet groups of mule deer, moose (Fig. 3.17), and elk (Fig. 
3.18) was significantly higher (Table 3.2) in stands with moderate and high levels of 
tree mortality, except for mule deer in 1988. However, pellet groups collected in 1988 
were from previously unswept plots where the distinction between old and current-year 
pellets was occasionally difficult. Snowshoe hare pellets were not sampled in 1988, and 
did not show a clear response pattern to increasing tree mortality (Fig. 3.18) in 
succeeding years, except in 1991 where they were more numerous in stands with 
intermediate tree mortality and absent or low in stands with low or very high mortality. 
However, the presence of snowshoe hare pellets was significantly higher in stands with 
moderate tree mortality each year (Table 3.2). 
Discussion 
My results suggest that an epidemic of mountain pine beetles in a lodgepole pine 
ecosystem has profound effects on wildlife abundance and diversity. These effects appear 
to be beneficial or, at least, not detrimental to most avian and mammalian species except 
in the most severe cases of tree mortality. Diversity in the avian community appeared 
to be enhanced by many new species (richness) that were also relatively abundant 
(evenness). However, the mammalian community appeared to be enhanced by a few 
new, but not proportionately abundant, species. 
I determined that the abundance of birds and mammals was highest in stands with 
moderate beetle-caused tree mortality. This was also the case for species that rely 
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significantly on live pine trees for obtaining food. However, none of these species are 
obligate pine seed or foliage feeders. Also, these species were abundant in post-epidemic 
stands where many live trees remained, but were uncommon or absent in stands with 
high tree mortality. Foliage-gleaning insectivorous birds are the most abundant in mature 
forests of the eastern United States (DeGraaf et al. 1991), but they are less abundant in 
western coniferous forests because of lower prey availability (Wiens 1975). However, 
insects are plentiful in snags (Robinson & Bolen 1989). An increased availability of this 
critical food component in beetle-killed stands could explain the response of 
insectivorous bird abundance that I observed. Ground-gleaning birds are associated with 
early successional (post-disturbance) forest stands (DeGraaf et al. 1991), presumably 
because of the increase in vegetation covering the forest floor. Bark gleaners and aerial 
feeders are proportionately more abundant in coniferous forests of the western U. S. than 
in the east. Birds in these guilds were more numerous in beetle-killed stands with 
moderate and high tree mortality. Overall, small mammal abundance was highest in 
stands with moderate tree mortality. However, the abundance of one of the two most 
common species, the deer mouse, was unaffected by the level of tree mortality. The 
other most common species, the chipmunk, was more numerous in stands with moderate 
tree mortality. Other individual small mammal species were absent or rare in stands with 
low or high mortality, and present only in low numbers in stands with moderate tree 
mortality. The combined effect of the presence of these uncommon individual species 
also contributed to the increased abundance in stands with moderate mortality. The 
linear increase in ungulate fecal pellet groups as tree mortality increased was not 
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surprising given the exponential increase in understory plant biomass that have been 
observed (McCambridge et al. 1982; Koviac et al. 1985) in ponderosa pine (Pinus 
ponderosa) stands in Colorado following an epidemic of mountain pine beetles and in 
my research stands (results in Chapter II) that had greater percent tree mortality. The 
reduction in canopy cover following this type of disturbance is most likely responsible 
for the greater availability of forage and browse to herbivores in moderate and severely 
affected stands. However, the reduction in canopy cover is likely to reduce security 
cover for smaller herbivores that are vulnerable to aerial predation. The response of 
snowshoe hares as indicated by fecal pellets in 1991 demonstrates that tree mortality is 
beneficial to a certain point, but then it becomes a detrimental habitat characteristic. 
One possible explanation for the quadratic response of wildlife abundance to tree 
mortality is that a trade-off exists between increased availability of food and shelter and 
the decreased level of vertical security cover as mortality increases. The intermediate 
disturbance hypothesis does not address a response in population abundance following 
disturbance, but this pattern was repeatedly observed. Another explanation could be the 
increased heterogeneity of canopy cover and understory plant production in stands with 
moderate tree mortality. Another, but not final, interpretation is that increased wildlife 
abundance in stands with moderate tree mortality reflects a density compensation 
phenomenon (MacArthur 1972) to increased resources by species that occupied the forest 
prior to the disturbance in moderately affected stands but that are unable to flourish in 
the environmental conditions created by severe tree mortality. 
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Support for the intermediate disturbance hypothesis was mixed. Diversity in the 
avian community responded as predicted by this hypothesis, but the mammalian 
community did not demonstrate a clear pattern. Fuentes and laksic (1988) suggested that 
terrestrial vertebrates might not exhibit a quadratic response to increasing disturbance 
intensity because of the lack of a large species source outside of the disturbance area 
and/ or the inability of new species to colonize disturbed areas where resources were 
made abundant by disturbance-mediated reduction in competition. This appears to be a 
plausible explanation in this case given the greater mobility of birds than small 
mammals. Also, there appear to be many avian species in the Uinta mountains that are 
not typically associated with mature lodgepole pine forests, but that are able to exploit 
available resources when environmental conditions are altered. A large pool of new 
mammal species that can rapidly colonize these disturbed areas probably does not exist 
in this area. Another explanation is that the response that I observed in bird diversity 
was not due to the intermediate disturbance hypothesis. 
There exist alternative explanations for the changes in diversity I observed. 
Proponents of the environmental heterogeneity model (Bratton 1976; Ricklefs 1977; 
Tilman 1982) could interpret my results to support their contention that increased 
structural heterogeneity of the forest at moderate levels of tree mortality provides more 
niches (incorporating MacArthur's 1965 niche differentiation explanation of species 
diversity) to be exploited by a greater number of species. This model views competition 
as a force that maintains high diversity in coevolved species in a community by 
restricting species to a narrow range of their physiological tolerance. Competition is 
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viewed oppositely by proponents of reduction-mediated models, of which the 
intermediate disturbance hypothesis is one variant. In this case, competition is perceived 
to exclude species in the absence of disturbance. Disturbance is hypothesized to reduce 
the abundance of dominant species and allow new species to colonize the site. The 
species-abundance curve model (Christensen & Peet 1982) simply suggests that an 
increase in abundance is sufficient to explain an increase in richness. 
Regardless of the explanation, bark beetle epidemics that cause moderate tree 
mortality enhance the diversity of wildlife communities, a goal of forest management on 
public lands. Severe epidemics enhance grazing and browsing opportunities by 
herbivores. Recognition of the ecological and wildlife value of dead timber stands must 
be made by land-managing agencies to fully implement ecosystem management. 
Sanitation cuts of mature lodgepole pine stands by clearcutting (Speight & Wainhouse 
1989) or thinning (Gibson 1989b) remain the recommended methods of preventing bark 
beetle outbreaks. When these efforts fail, salvage logging of beetle-killed timber is the 
usual course of action. However, regulations guiding the implementation of the National 
Forest Management Act endorse the concept of ecosystem management (Code of Federal 
Regulations 219.13, 1986) by requiring that ecological principles form the basis of forest 
management. A recent statement of ecosystem management policy from the Forest 
Ecosystem Management Assessment Team (USDA 1993) reaffirms this commitment, 
recognizes insect epidemics as a vital component in the ecosystem, but endorses 
management guidelines (USDI 1992) allowing sanitation cuts and salvage logging when 
insect epidemics are likely or have already occurred. The focus of these particular 
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guidelines is to maintain old-growth forests for the northern spotted owl (Strix 
occidentalis) , and so they appear to be justified for achieving that goal. This illustrates 
the lower priority that maintaining natural ecological processes may have when 
compared to achieving a resource goal, including a wildlife conservation goal such as 
preserving an endangered species. Nevertheless, the commitment to ecosystem 
management by the U.S. Forest Service requires that consideration be given to the effect 
of management decisions on ecological integrity, and that innovative alternatives to 
managing forest resources, including stands of dead trees, receive more attention in the 
forest planning process in order to maintain natural forest ecosystems. 
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Table 3.1. List of avian species, guilds, and guild members detected during the summers 
of 1989-1992 in lodgepole pine stands in northern Utah. 
Species 
1. Accipiter gentilis 
2. Anthus spinoletta 
3. Bonasa umbellus 
4. Buteo jamaicensis 
5. Carpodacus cassinii 
6. Certhia familiaris 
7. Chordeiles acutipennis 
8. Colaptes cafer 
9. Contopus sordidulus 
10. Dendrocopus pubescens· 
11. Dendrocopus villosus 
12. Dendroica auduboni* 
13. Dendroica townsendi 
14. Falco sparverius 
15. Hirundo rustica 
16. Hylocichla guttata 
17. lridoprocne bicolor 
18. Junco caniceps· 
19. Leucosticte atrata 
20. Myadestes townsendi 
21. Nucifraga columbiana 
22. Nuttallomis borealis· 
23. Parus atricapillus 
24. Parus gambeli 
25. Perisoreus canadensis· 
26. Picoides tridactylus 
27. Pinicola enucleator 
28. Piranga ludoviciana 
29. Regulus calendula 
30. Sialia currucoides· 
31. Sitta canadensis· 
32. Sphyrapicus thyroides 
33. Sphyrapicus varius 
34. Spinus pinus 
35. Spinus psaltria 










I. Mainly Eat Pine Seeds/ 
Pine Foliage or Glean 
Insects in the Canopy: 
5,12,13,21,24,27,29,31 
II. Secondary Cavity 
Nesters: 6,17,24,30,31 
Western wood pewee III. Hawk for Insects: 
Downy woodpecker 9,15,17,22,28,30 
Hairy woodpecker 











Black -capped chickadee 
Mountain chickadee 
Gray jay 
Trunks for Insects: 
6,10,11,26,32,33 
V. Forage on the Ground 
for Plants or Insects: 
3,16,18,34,36,37,39 











Table 3.1. (cont.) 
37. Troglodytes troglodytes * 
38. Turdus migratorius 
39. Zonotrichia leucophyrs 






Table 3.2. Analysis of the homogeneity of proportions test between stands with similar 
tree mortality levels for number of fecal pellet groups of mule deer, elk, moose, and 
snowshoe hare per 10-nr plot for each sampled year, 1988-1991. 
Year Stand Mortality Groups Species x2 
1988 o - 25%, n=5 Deer 0.055 
50 - 75%, n=5 E.M Elk 41.247 
Moose 37.658 
1989 o - 25%, n=5 Deer 12.937 
50 - 75%, n=5 D.E.M.H Elk 59.002 
Moose 8.469 
S.S. Hare 23.992 
1990 o - 25%, n=5 Deer 22.950 
26 - 50%, n=5 D Elk 103.645 
51 - 75%, n=5 D.E.H Moose 126.473 
76 - 100%, n=5 D.E.M S.S. Hare 22.548 
1991 0- 20%, n=7 Deer 111.694 
21 - 40%, n=7 Elk 224.104 
41 - 60%, n=7 E.M.H Moose 97.764 
61 - 82%, n=10 D.E.M.H S.S. Hare 65.782 
83 - 100%, n=9 D.E.M 
D _ Stand group with more mule-deer pellet groups than expected 
E _ Stand group with more elk pellet groups than expected 
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Figure 3.1. Avian community richness (a) and diversity (b, c) as a junction of percent 
tree mortality in lodgepole pine stands following an epidemic of mountain pine beetles 
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Figure 3.2. Bird abundance as a junction of percent tree mortality in lodgepole pine 
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Figure 3.3. Abundance of birds that eat pine seeds and/or foliage or glean insects in the 
tree canopy as a junction of percent tree mortality in lodgepole pine stands following an 
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Figure 3.4. Abundance of birds that nest in secondary tree cavities as a junction of 
percent tree mortality in lodgepole pine stands following an epidemic of mountain pine 
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Figure 3.5. Abundance of birds that capture insects by hawking as ajunction of percent 
tree mortality in lodgepole pine stands following an epidemic of mountain pine beetles 
in northern Utah. 
Figure 3.6. Abundance of birds that excavate insects on the trunks of trees as a function 
of percent tree mortality in lodgepole pine stands following an epidemic of mountain pine 
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Figure 3.7. Abundance of birds that forage for plants or insects on the ground as a 
junction of percent tree mortality in lodgepole pine stands following an epidemic of 
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Figure 3.B. Abundance of western tanagers and mountain bluebirds as a junction of 
percent tree mortality in lodgepole pine stands following an epidemic of mountain pine 
beetles in northern Utah. 
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Figure 3.9. Abundance of red-breasted nuthatches and downy woodpeckers as afunction 
of percent tree mortality in lodgepole pine stands following an epidemic of mountain pine 
beetles in northern Utah. 
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Figure 3.10, Abundance of olive-sided flycatchers and chipping sparrows as a junction 
of percent tree mortality in lodgepole pine stands following an epidemic of mountain pine 
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Figure 3.11. Abundance of gray-headed juncos and red-shafted flickers as a function of 
percent tree mortality in lodgepole pine stands following an epidemic of mountain pine 
beetles in northern Utah. 
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Figure 3.12. Abundance of gray jays and Audubon's warblers as afunction of percent 
tree mortality in lodgepole pine stands following an epidemic of mountain pine beetles 
in northern Utah. 
~ 
~! 













2D 40 II 
~ACEIfT lRU .0tITM.1Tf 
11110 








,.0.118 - 0._ ~IJ/I/ R"!·o.2a 
II 
II 41 II II 
II£IIC£IfT lRU .oaTM.nY 
11180 
, • ' . '4 . 4.-'3& 
R"2.0.057 
10 41 II II 















::>1; ~ ... 
% 
! 






• lO 40 I. I. '10 
I 
• 
NACEIfT lRU IIOATAUTT 
111 •• 
, • 0.054 + ''-'20 
R"Z .0.110 
II 41 II 
Il£llCEIfT lRU .OATAUTT 
11111 
' • ' .30 . ' .a&.2o 
R"z.o.m 
2D 4, II 
Il£llCEIfT lRU .OATAUTT 
11181 
, • 0 .11' + a.a5e-3& 
R"2·0.1II5 
zo 41 





Figure 3.13. Abundance ofpine grosbeaks and red squirrels as afunction of percent tree 
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Figure 3.14. Diversity of the small and medium-sized mammal community as a junction of percent tree mortality in 
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Figure 3.15. Abundance of small mammals as a function of percent tree mortality in lodgepole pine stands following an 
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Figure 3.16. Abundance of individual small mammal species as afunction ofpercent tree 
mortality in lodgepole pine stands following an epidemic of mountain pine beetles in 
northern Utah. 
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Figure 3.17. Abundance of mule deer and moose fecal pellet groups as a junction of percent tree mortality in lodgepole 
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Figure 3.18. Abundance of elk fecal pellet groups and snowshoe hare fecal pellet presence as a junction of percent tree 






INSECT COMMUNITY RESPONSES TO HABITAT ALTERATION FOLLOWING 
A MOUNTAIN PINE BEETLE EPIDEMIC IN LODGEPOLE PINE STANDS IN 
NORTHERN UTAH 
ABSTRACT An epidemic of mountain pine beetles substantially altered the structure 
and composition of affected lodgepole pine stands in northern Utah, particularly those 
with moderate to severe tree mortality. Insect abundance and diversity were investigated 
in 40 1-ha post-epidemic stands that experienced a range of overstory tree mortality from 
5 to 95 % to determine the insect community responses to this type of disturbance and 
to determine the environmental variables that were highly correlated to these responses. 
Insects were collected in these stands during the summer of 1991 using sticky traps and 
sweep netting. The abundance of insects increased linearly from approximately 10/ha to 
250-300/ha as beetle-caused tree mortality increased. Species richness increased from 
approximately 5 species/ha to 50-60 species/ha in moderately and severely killed stands. 
Canonical correspondence analysis of insect species abundances, insect family 
abundances, and community diversity indices ordinated these community responses along 
environmental gradients composed primarily of the abundance, diversity, and 
heterogeneity of the understory vegetation in these stands. However, most insect species, 
families, and diversity indices were located near the origin of the ordination diagram 
indicating that insects (or diversity indices) were more abundant (or had their highest 
values) in stands with intermediate values of the environmental variables that composed 
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these gradients. 
Insects are widely recognized as disturbance agents in a variety of ecosystems. The 
impact of insect population dynamics on the structure, functioning, and stability of many 
ecosystems indicates that they have a prominent ecological role (Schowalter 1985, 
Romme et al. 1986, Holling 1992). This is the case for the mountain pine beetle 
(Dendroctonus ponderosae) in the lodgepole pine (Pinus contorta) ecosystem. Epidemic 
outbreaks of this insect, and the subsequent occurrence or exclusion of fire, largely 
determine successional dynamics in these forests (Cole & Amman 1980). However, the 
effects of ecosystem disturbance on insect communities have only recently received 
increased attention (Schowalter 1985). 
Ecosystem disturbance often, but not always, affects the abundance, composition, 
and diversity of insect communities. Quinn & Walgenbach (1990) demonstrated that the 
species composition of a grasshopper (Orthoptera: Acrididae) community was altered by 
cattle grazing. They concluded that species richness was significantly reduced by 
grazing-induced changes in vegetation composition and structure. In contrast, Miller & 
Onsager (1991) found that three different cattle grazing systems had significant effects 
on rangeland vegetation in Montana, but not on the density or composition of the 
grasshopper community. Fielding & Brusven (1993) detected a profound alteration in 
grasshopper species composition, diversity, and abundance following disturbances of 
several types that were designed to convert shrub-steppe rangelands in Idaho to 
grasslands. Parmenter et al. (1991) determined that grasshopper communites were less 
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rich and diverse on reclaimed stripped mined sites in Wyoming than on unmined sites, 
and they attributed this to the structure of the vegetation. Martel et al. (1991) found that 
canopy dieback in deciduous forests from a variety of causes decreased the abundance 
of carabid beetles, but Holliday (1991) found a greater abundance of carabid beetles in 
boreal forest sites following fire than in unburned sites. Most of these investigators have 
documented a decrease in species diversity and an increase in abundance of insects 
following ecosystem disturbance. Most have also detected a quantifiable relationship 
between insect community composition and the structure and composition of vegetation 
following the disturbance. 
I examined the effects of an epidemic outbreak of mountain pine beetles in lodgepole 
pine stands on the insect community in post -epidemic stands. Epidemics of mountain 
pine beetles are natural disturbances in these forests. My investigation focused on the 
effect of disturbance severity (indicated by percent tree mortality) on insect abundance 
and diversity in these stands. Connell (1978) hypothesized that species richness would 
be greatest in sites where disturbance occurred at intermediate levels of severity. 
However, as noted above, most investigators have concluded that insect diversity was 
decreased or not affected by disturbance when compared to undisturbed sites. I also 
sought to quantify changes in abundance and broad (Order) taxonomic shifts in insect 
community composition that were correlated with disturbance severity. Finally, an 
important objective of this research was to determine whether vegetation structure and 
composition were highly correlated with observed changes in the insect community. 
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Methods 
Study Area. Forty 1-ha stands of mature lodgepole pine on the northern slope of the 
Uinta mountains in the Wasatch National Forest, Utah were chosen for this study. An 
epidemic of mountain pine beetles had occurred in this area (elevation: 2769-2942 m) 
from 1980 to 1987. Cumulative tree mortality during the epidemic typically ranged from 
50 to 75% of overstory trees (U.S. Forest Service unpublished inventory data) but I 
measured mortality ranging from 14 to 95 % in the affected stands I studied. Five of the 
40 stands were outside of the epidemic area, but tree mortality ranged from 5 to 10% 
from dwarf mistletoe (Acreuthobium spp.) and/or Armillaria spp. root rot disease. Three 
30 m x 30 m plots were established in each stand to determine if structural parameters 
of these 40 forest stands were similar prior to the epidemic. The diameter at breast 
height (DBH) of each tree in the plot that was taller than 2 m was measured and 
converted to basal area. An assessment of whether the tree was alive or dead was made 
at this time. This procedure allowed the computation of an average percent tree 
mortality level and the estimation of the average density of trees (and snags) for each 
stand. Tree densities and basal area in these stands range from 1100 to 1500 trees ha-1 
and 28 to 44 m2 ha-1, respectively. Most stands were located on gently rolling terrain 
with no appreciable slope, but several were located on 20 to 40% slopes. Using an 
increment borer on 10 dominant trees in each stand, I determined that these even-aged 
stands ranged in age from approximately 90 to 115 years. I measured the height of 30 
dominant trees in each stand with a clinometer and a metric tape. Trees were typically 
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15 to 17 m tall. The structural attributes of the forty forest stands I selected were 
similar, but not the same. The 40 stands varied from each other in some respects, but 
the differences for anyone attribute in a given stand were not significantly different (P 
< 0.05) from the values in the other 39 stands. 
Data Collection and Analysis. Insects (and spiders) were collected using several 
techniques during the summer of 1991. In each stand, I tacked a sticky trap to the boles 
of two large dead trees and on the distal end of branches (in the foliage) of two live 
trees. I also suspended two sticky traps from branches so that they hung approximately 
4 m above the ground. This yielded a total of six sticky traps per stand. Sticky traps 
were 10 x 25 cm yellow posterboard strips coated with Tanglefoot adhesive. These traps 
were placed in stands in late June and were collected one month later. Traps that 
contained insects were labeled and transported to an insect laboratory for identification. 
Insects were also collected in a sweep net. The understory vegetation was swept with 
25 net strokes along 25 randomly-selected transects in July in each stand. These insects 
were placed in a kill jar for 60 seconds, stored together by stand, and transported to the 
insect laboratory for identification. Most insects were identified to species, but some 
specimens could only be identified to genus (or family) because of poor condition. The 
total number of insects per stand was tallied during this process. Diversity of the insect 
community was indicated by the number of species (richness) and by three diversity 
indices that also incorporate evenness in the relative abundance of species: Margalef's 
diversity index (Margalef 1958), the Shannon-Wiener index (Shannon & Weaver 1963), 
and the inverse of Simpson's diversity index (Simpson 1949, Hill 1973). These indices 
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vary in their sensitivity to species richness versus eveness (Magurran 1988), and 
therefore provide a more comprehensive view of community changes. These indices 
were computed using the species data described above, and individuals in the same 
genus (or family) that could not be further identified to the species level were analyzed 
as one species. 
The understory plant community was sampled in 50 randomly-selected 1-m2 circular 
plots in each stand. The aboveground vegetation in each plot was harvested, oven-dried, 
identified to species, and weighed (by species) to the nearest 0.5 g. The vegetation was 
also classified into four life form categories: grasses/sedges, forbs, shrubs, and tree 
seedlings. Mean biomass per m2 in each stand was computed from these plots. The 
coefficient of variation of mean biomass was computed to indicate the heterogeneity in 
the distribution of understory plant biomass in these stands. Patchiness of vegetation 
distribution was also assessed by measurement of intra stand edge between sunny patches 
beneath canopy gaps and shady patches beneath the forest canopy. Patches of sun and 
shade (150 m2 or larger) on the forest floor were mapped in each stand using the 
compass-traverse method (Mosby 1980) at or near midday. I digitized forest floor 
patches from the maps using a digitizing tablet and ERDAS (ERDAS 1990) software to 
obtain patch perimeters and area. The intra stand edge of these sunny vs. shaded patches 
was computed using Patton's (1975) edge index. Plant species diversity is indicated by 
both the number of plant species (richness) and an index of diversity (Shannon-Wiener). 
Forest structural attributes that were likely to be affected by this type of disturbance 
were also measured. Mean percent canopy cover was measured using a spherical 
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densiometer in 30 randomly chosen locations in each stand. Crown volume was 
computed using the formulae and procedures outlined by Sturman (1968) for coniferous 
trees, which included the average height of dominant trees in the stand, the mean height 
of the tree where the lower part of the crown began (approximately 2 m), and the mean 
inner and outer diameter of the crown (measured on 30 dominant trees). The mean tree 
crown volume was then extrapolated to the level of the stand by multiplying it by the 
estimated number of live trees in the stand. The percent horizontal visual obscurity (to 
the nearest 20%) was determined from 10 random locations for each of five 0.5-m 
height increments from the forest floor to a height of 2.5 m using eight sightings (from 
the cardinal directions and the midpoints between them) of a Robel pole at a distance 
of 15 m (Nudds 1977, Griffeth & Youtie 1988). The mean percent visual obscurity for 
the 80 sightings of the entire 2.5-m pole was computed for each stand. Mean foliage 
height diversity was determined using procedures outlined by Karr (1968), except that 
three vegetation layers (tree canopy, shrub, and herbaceous) were sampled at each meter 
along five randomly-located 50-m transects in each stand. The foliage height diversity 
was computed using the inverse of Simpson's diversity index. The mean percent downed 
wood having a diameter of 10 cm or more was visually estimated in ten 10-m2 circular 
plots in each stand. 
The relationships between the plant community variables (Table 4.1) and the 
abundances of insect species were examined with canonical correspondence analysis 
(CCA) (ter Braak 1986). CCA is a multivariate extension of weighted averaging 
ordination that takes advantage of supplemental data provided by environmental 
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variables. This direct gradient analysis technique constrains ordination axes to linear 
combinations of environmental variables. CCA does not establish causality, but does 
directly relate community composition to environmental variation. The abundances of 
insect families were also analyzed using CCA to determine their relationships with the 
variables in Table 4.1. In these analyses, the abundance of an insect species or family 
whose frequency of occurrence in the 40 sites was one-fifth that of the most frequent 
species or family was downweighted in proportion to its frequency. Additionally, the 
total number of insects, the number of insect species, the number of insect families, and 
the three diversity indices (computed for species and families) were similarly analyzed 
as a group to determine if these community parameters corresponded to the variables 
listed in Table 4.1. However, there was no downweighting of community parameters in 
this third analysis. In the analyses, the mean biomass of understory vegetation, the mean 
biomass of grass and sedge vegetation, and the mean biomass of shrub vegetation were 
linearized with a log transformation before the analysis because of their exponentially 
increasing response to the intensity of the epidemic. All of the environmental variables 
were standardized to unit variance. A forward stepwise regression was used to select the 
variables that explained most of the variation in insect parameters. An unrestricted 
Monte Carlo permutation test on each selected habitat variable was performed. The 
selection of habitat variables was terminated when the alpha value of an additional 
variable exceeded 0.05. The selected variables for each of the three insect-habitat 
analyses are indicated in Table 4.1. 
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Results 
I captured at least 192 species of insects and spiders representing 64 families 
(Appendix C) in the 40 lodgepole pine stands I sampled. Most of the individuals (83 % ) 
were captured using the sweep net. The number of captured insects increased linearly 
as the percent tree mortality in the stands increased (Fig. 4.1). This numeric response 
of insects to beetle-caused tree mortality is depicted for the representative taxonomic 
orders in the insect community in Fig. 4.2 . This illustration demonstrates that insect 
populations belonging to Diptera, Hemiptera, Homoptera, and Hymenoptera experienced 
large increases in abundance in stands with greater than 50 % tree mortality. 
The diversity of insect species in the community peaked in stands with intermediate 
levels of tree mortality (Fig. 4.3), but remained high in stands with severe mortality. 
Family richness and the three family diversity indices demonstrated similar patterns to 
those illustrated in Fig. 4.3. The inverse of Simpson's diversity index was the only 
measure of insect diversity that appeared to have a quadratic response to increasing tree 
mortality. 
Stepwise canonical correspondence analysis was used to determine the environmental 
variables (Table 4.1) that were sufficient to explain the majority of variability in the 
composition of the insect community (Table 4.2). The canonical coefficients and intraset 
correlation coefficients between the selected environmental variables and insect species 
abundance, insect family abundance, and insect community diversity and total abundance 
are listed in Table 4.3. These results are more easily interpreted in joint plots of the 
112 
weighted average scores of the environmental variables, the sites (stands), and the 
species (or families or diversity indices). The relationships between the selected 
environmental variables, and the abundance of insect species, the abundance of insect 
families, and the magnitude of insect community diversity and total abundance are 
illustrated in Fig.s 4.4, 4.5, and 4.6, respectively. Insect species abundances 
demonstrated an ordination pattern (Fig. 4.4) along an environmental gradient that was 
dominated by the severity of beetle-caused tree mortality. However, percent tree 
mortality is highly positively correlated (R2 = 0.999) with the log of mean understory 
biomass, a variable that dominates the first axis of the ordination pattern of insect family 
abundance (Fig. 4.5) and community diversity (Fig. 4.6). The second CCA axis (Fig. 
4.4) is shorter than the first and is composed of variables that describe the diversity and 
heterogeneity of understory vegetation. This is a similar pattern in the ordination 
patterns for insect family abundances (Fig. 4.5) and community diversity (Fig. 4.6) 
except that the axes are longer. 
Most species, families, and diversity indices are clustered near the origin of the two 
axes. This indicates that the insect parameters are either unrelated to the axes or that 
they are most abundant (or have their highest values) when the environmental variables 
that compose these axes have intermediate values (ter Braak 1987). Determination of the 
reason for species locations near the origin of the axes can only be accomplished by 
studying a table of the raw abundance data of all the species arranged by their weighted 
average scores against stands that are also arranged in order of their weighted average 
scores for an individual axis. By visual inspection, it is possible to determine whether 
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a species location near the axes' origin is a result of it being unrelated to the axes 
(abundance evenly distributed across the ordered stands) or if it is truly most abundant 
in the stands whose weighted average scores are close to zero (abundance highest in the 
middle of the distribution of ordered stands). The results are shown in Appendices D, 
E and F for insect species abundance, family abundance, and community diversity 
indices, respectively. Approximately 80% of the insect species that are clustered near 
the origin of the axes (Fig. 4.4) are most abundant in stands that are intermediate along 
the environmental gradient of the first axis. The remaining 20 % are near the origin 
because they are uniformly distributed across the gradient or are very rare in abundance. 
Approximately 75% of the families clustered near the origin (Fig. 4.5) of the axes are 
most abundant in stands with intermediate values of environmental variables. 
Approximately 25 % of the families there are not related to the axes. All of the diversity 
indices (Fig. 4.6) were clustered near the origin of the axes. However, examination of 
their values in ordered stands (Appendix F) demonstrates that, with the exception of 
Simpson's index, diversity values were low in stands with high positive scores on axis 
1, increased in stands that were intermediate along the gradient defined by the axis, and 
remained high or decreased slightly in stands that were highly negatively correlated with 
axis 1. Simpson's index was highest in stands that were intermediate along the 
environmental gradient, but high values were detected throughout the gradient. 
An examination of the locations of specific insect families or species in the 
community ordination diagram illustrates the relationships that a taxon has with the 
environmental variables that influence the abundances of these families or species. For 
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example, in Fig. 4.7, the positions of selected families in the ordination diagram for this 
taxonomic level are labeled with their code names (Appendix C). It is evident from this 
diagram that weevils (COL 3), fungus gnats (DIP 21), and midges (DIP 15) were 
associated with stands having low values of understory vegetation biomass while 
leafhoppers (HOM 1), plant bugs (HEM 2), and grass flies (DIP 16) were more 
abundant in stands with higher understory biomass. The abundance of robber flies (DIP 
9) is directly related to the coefficient of variation in understory biomass, or vegetation 
heterogeneity (Fig. 4.7). This family's affinity for sunny patches in forests having 
moderate canopy closure was noted by Wood (1981). 
The same examination of habitat relationships can be performed for species as well. 
The relationships of species in the Dipteran families Muscidae, Tachinidae, and 
Dolichopodidae to habitat variables are illustrated in Fig. 4.8. Similar ordination 
diagrams demonstrate the habitat relationships of collected species in the Hymenopteran 
families (Fig. 4.9) Braconidae, Formicidae, and all collected bees (Adrenidae, 
Anthophoridae, Apidae, Halictidae, Megachilidae) as well as the Hemipteran-
Homopteran families (Fig. 4.10) Miridae, Lygaeidae, and Cicadellidae. The ecological 
relationships of most of these species are either unknown or poorly understood. 
However, it appears that partitioning of environmental resources is occurring in some 
of these families. 
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Discussion 
The abundance response of insects following a mountain pine beetle epidemic in the 
lodgepole pine stands that I studied was similar to the abundance responses following 
several different types of disturbances observed by the investigators mentioned in the 
introduction. However, the diversity response to disturbance that I found was opposite 
to the responses reported in previous investigations of insect community dynamics and 
disturbance. This atypical result appears to be related to the abundance, species 
diversity, and heterogeneity of understory vegetation, which increased in these forest 
stands following the disturbance. Previous investigations have examined disturbances 
(e.g. livestock grazing, stripmining, ecotype conversions) that have tended to reduce 
plant biomass and diversity. The abundance, diversity, and heterogeneity of the 
vegetation were found to be associated with the changes in insect communities by this 
and previous studies of insect responses to disturbance. 
The pattern of diversity predicted by the intermediate disturbance hypothesis was not 
detected in this examination of the insect community response to the intensity of beetle-
caused tree mortality. The one exception to this was the quadratic response of Simpson's 
diversity index to percent tree mortality. This response appeared to be influenced by the 
index's greater sensitivity to the evenness component of diversity rather than to species 
richness. Diversity in the insect community was much higher in stands with moderate 
tree mortality than in stands with little or no mortality, but the other three indices 
indicated that diversity remained high in stands with severe mortality. This appears to 
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indicate a threshold response to the level of disturbance that is most probably related to 
the understory plant response to this disturbance. Admittedly, the insect community 
response may be partly a function of the methods used to collect insects. Most insects 
were collected by sweeping the understory vegetation. While many insects were 
collected on sticky traps placed on tree trunks, in the tree foliage, and suspended in the 
air, perhaps a greater proportion of insects would have been collected in undisturbed 
stands if the tree foliage had been sampled with the same intensity as the understory 
vegetation. Also, sampling insects with sweep nets biases the composition of the 
community toward species that are less mobile (Southwood 1978). A comparison (Race 
1960) of qualitative differences between a sweep net and a suction device demonstrated 
the former method tended to underrepresent members of the genus Ly gus and other 
mobile insects. I collected many individuals in the genus Lygus and closely-related 
species, but I observed that many aphids were able to escape capture as I was sweeping 
with the net. Gray & Treloar (1933) determined that 26 units of 25 sweeps each was 
sufficient to estimate the true population mean (within 25 %) for most insect taxa. Thus 
the level of sampling undertaken in this study (25 units of 25 sweeps each) should have 
been sufficient to detect obvious qualitative differences between stands. 
The use of canonical correspondence analysis appeared to be a useful technique for 
examining species-habitat relationships as well as for its intended purpose of ordinating 
the community along potential environmental gradients. However, this use of the 
technique has not been validated for species with known habitat requirements. Also, the 
habitat relationships identified by the analysis of one suite of species and habitat 
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variables could differ given a slightly different mix of species and selected variables in 
another analysis. Nevertheless, it could prove to be a useful exploratory tool with taxa 
that are diverse and poorly understood such as those belonging to the insect world. 
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Table 4.1. Plant community parameters measured in 40 lodgepole pine stands 
following an epidemic of mountain pine beetles in northern Utah and the environm:ental 
variables selected by a canonical correspondence analysis model tpat explained the 
variability in (a) abundance of insect species, (b) abundance of insect families, and (c) 
species and family diversity indices of the insect community and the total number of 
insects 
Plant Community Parameter 
IOglO mean understory biomass 
coefficient of variation in mean understory biomass 
IOglO mean biomass of grass 
mean biomass of forbs 
mean biomass of understory trees ( less than 2m tall) 
IOglO mean biomass of shrubs 
understory plant species richness 
Shannon diversity index for understory plant community 
overstory tree density 
overstory tree basal area 
percent tree mortality 
number of snags 
loglO overstory tree crown volume 
percent overstory tree crown cover 
percent of forest floor covered with downed wood 
mean percent horizontal visual obscurity (0.O-2.5m) 
Simpson's diversity index for foliage height diversity 
































Table 4.2. Eigenvalues and cumulative percent of variance explained in (a) insect 
species abundance model, (b) insect family abundance model, and (c) insect community 
diversity and total abundance model by the environmental gradient axes generated by 
canonical correspondence analysis 
Model a 
Eigenvalue 
Cumulative percent variance 
Model b 
Eigenvalue 
Cumulative percent variance 
Model c 
Eigenvalue 























Table 4.3. Canonical and intraset correlation coefficients between selected 
environmental variables and (a) abundance of insect species, (b) abundance of insect 
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Fig. 4.1. The relationship between insect abundance and percent tree mortality in 40 
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Fig. 4.2. The relationship between insect abundance by taxonomic order and percent tree mortality in 40 lodgepole pine 
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Fig. 4.3. The relationships between a) insect species richness, b) Margalefs diversity index, c) the inverse of 
Simpson's diversity index, and d) the Shannon-Wiener diversity index and percent tree mortality in 40 lodgepole 












~ig. 4.4. Triplot ordination diagram of 192 collected insect species, selected 
enVlI'Onmental variables, and site locations by mortality class displayed against the first 
two .axes extracted by canonical correspondence analysis of insect species-habitat ~1atlOnships in 40 lodgepole pine stands following an epidemic of mountain pine beetles 
ID northern Utah. 










Fig. 4.5. Triplot ordination diagram of 64 collected insect families, selected 
environmental variables, and site locations by mortality class displayed against the first 
two axes extracted by canonical correspondence analysis of insect species-habitat 
relationships in 40 lodgepole pine stands following an epidemic of mountain pine beetles 
in northern Utah. 
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Fig. 4.6. Triplot ordination diagram of insect species diversity indices (family 
diversity indices excluded because of close overlap) and total abundance, selected 
environmental variables, and site locations by mortality class displayed against the first 
two axes extracted by canonical correspondence analysis of insect species-habitat 
relationships in 40 lodgepole pine stands following an epidemic of mountain pine beetles 
in northern Utah. 
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Fig. 4.7. Triplot ordination diagram of selected insect families, selected environmental 
variables, and site locations by mortality class displayed against the first two axes 
extracted by canonical correspondence analysis of insect species-habitat relationships in 
40 lodgepole pine stands following an epidemic of mountain pine beetles in northern 
Utah. 
Fig. 4.8. Triplot ordination diagram of collected species in the Dipteran familes: a) Muscidae, b) Tachinidae, and c) 
Dolichopodidae, selected environmental variables, and site locations by mortality class displayed against the fIrst two axes 
extracted by canonical correspondence analysis of insect species-habitat relationships in 40 lodgepole pine stands following 



















Fig. 4.9. Triplot ordination diagram of collected species in the Hymenopteran families: a) Braconidae, b) Fonnicidae, 
and c) all bees (Adrenidae, Anthophoridae, Apidae, Halictidae, and Megachilidae), selected environmental variables, and 
site locations by mortality class displayed against the fIrst two axes extracted by canonical correspondence analysis of 



















Fig. 4.10. Triplot ordination diagram of collected species in the Hemipteran-Homopteran families: a) Miridae, b) 
Lygaeidae, and c) Cicadellidae, selected environmental variables, and site locations by mortality class displayed against 
the first two axes extracted by canonical correspondence analysis of insect species-habitat relationships in 40 lodgepole 
pine stands following an epidemic of mountain pine beetles in northern Utah. 
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DETERMINATION OF WILDLIFE-HABITAT RELATIONSHIPS AMONG AVIAN 
AND MAMMALIAN COMMUNITIES FOLLOWING A MOUNTAIN PINE 
BEETLE EPIDEMIC IN LODGEPOLE PINE STANDS IN 
NORTHERN UTAH 
Abstract: Species-habitat relationships among avian and mammalian communities were 
explored with canonical correspondence analysis in forty 1-ha stands of even-age, mature 
lodgepole pine forest with varying percent tree mortality following an epidemic of 
mountain pine beetles in northern Utah. Small and medium-sized mammals were 
trapped, birds were censused, and pellet groups of large ungulates and snowshoe hare 
were counted to quantify species abundances and community diversity. Twenty-two 
habitat variables were measured to relate to wildlife parameters. Measured habitat 
variables pertained to various aspects of forest structure and composition that have been 
identified by previous researchers as having an important influence on various wildlife 
species that were present. These included the biomass, species diversity, heterogeneity, 
and visual obscurity of the understory vegetation, foliage height diversity, insect 
abundance and species diversity, canopy cover and volume, and typical forest inventory 
measurements (tree height, basal area, density, etc.). Canonical correspondence analysis 
demonstrated a high correlation between selected habitat variables and wildlife species 
abundances, but that canonical axes extracted from stand conditions did not explain an 
appreciable amount of variability in the distribution of wildlife species (except for the 
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avian community) along an environmental gradient. The environmental gradient was 
often dominated by the abundance of understory vegetation along the first axis and by 
the species diversity and heterogeneity of the understory vegetation along the second 
axis. However, other variables were important in defining the environmental gradient 
for particular analyses. Canonical correspondence analysis appears to be an appropriate 
analysis technique for identifying the relationships between wildlife and habitat variables, 
but may be inappropriate for examining diversity index-habitat relationships because of 
the composite nature of diversity indices. 
Birds and mammals require food, cover, and water to sustain the physiologic 
functions that are necessary to survive, grow, and reproduce (Leopold 1933). An 
animal's habitat not only provides a place for it to obtain the resources required to live, 
but may very well serve as a template for developing life history strategies that increase 
its individual fitness (Southwood 1977). The adaptive significance of species-habitat 
relationships to the distribution, natural history, and composition of bird communities 
was proposed by Grinnell (1917) and discussed by Rotenberry (1981). 
The levels of resources that are available in a species' habitat are some of the 
critical determinants of population abundance and carrying capacity (Schamberger and 
O'neil 1986). Few would dispute this conclusion, but methods of assessing a habitat's 
suitability for providing the resources that wild animals "need" are much more 
controversial. Wildlife-habitat relationships are rarely determined by experimental 
manipulation of the habitat variables that cause a change in the abundance of a 
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population or in the abundances of a group of species (see Scott 1979, Raphael and 
White 1984 for exceptions), rather they are determined by correlational techniques 
(Berry 1986). Habitat models range from simple correlations between wildlife abundance 
and the levels of a several habitat parameters (Fish and Wildlife Service 1981), through 
extensive relational databases and life-form classification systems (Patton 1978, Thomas 
1979) and finally up to complicated multivariate statistical models (Robbins 1978, 
Clawson et al. 1984), but all are relationships based on correlation and mere association 
rather than causal mechanisms (Karr 1981). While these models are extremely useful for 
managing wildlife resources and predicting the likely effects of land-management 
alterations to various species and community parameters, they inevitably fall short of 
identifying the underlying causes of observed wildlife responses to changes in habitat 
parameters. Tightly-controlled ecosystem-level experimental manipulations of habitat 
variables to establish causality between environmental phenomena and species responses 
are desirable (Anderson and Capen 1981, Romesburg 1981), but are often technically 
infeasible (Matter and Mannan 1989), prohibitively expensive (Romesburg 1981, Matter 
and Mannan 1989, Anderson & Gutzwiler 1994), or lack adequate replication (Hurlbert 
1984). Nevertheless, the need for this kind of information by wildlife biologists and land 
managers is increasing because of the proactive nature of natural resource decision 
process within management agencies and organizations and because of challenges to 
professional management decisions from various interest groups in society. A recently 
developed statistical analysis technique, canonical correspondence analysis (ter Braak 
1986), may prove useful to wildlife biologists in their search for underlying causes of 
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wildlife responses to habitat alteration when the ultimate solution to the problem of 
identifying causal mechanisms through experimentation is not possible. 
Canonical correspondence analysis (CCA) examines the correspondence of species 
abundances along an environmental gradient defined by axes that are composed of linear 
combinations of selected habitat variables. It is a multivariate extension of weighted 
averaging ordination that takes advantage of supplemental data provided by 
environmental variables (ter Braak 1986). CCA arbitrarily assigns unequal scores to 
sites, then computes species scores by weighted averaging of these site scores. New site 
scores are then computed from the species scores. These two sets of scores are 
continuously readjusted by an iterative process until convergence is achieved. A 
weighted multiple regression of the site scores on environmental variables is then 
performed. New site scores are then computed to be the fitted values of the multiple 
regression on the environmental variables. These scores are then standardized to unit 
variance and centered. The species-environment correlation is equal to the correlation 
between the site scores that are weighted mean species scores and the site scores that are 
a linear combination of environmental variables (ter Braak 1986). Eigenvalues produced 
by CCA measure the importance of an axis to the variance in species data and are 
constrained to be a value between 0 and 1 (the higher the value, the more important the 
axis). The species-environment correlation is a measure of how well the extracted 
variation in community composition can be explained by the environmental variables (ter 
Braak 1986). 
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Canonical correspondence analysis is a direct gradient analysis technique that does 
not establish causality, but does ordinate species along an environmental gradient 
composed of the habitat factors that are highly correlated with (and possibly, responsible 
for) the composition of the community. Palmer (1993) compared CCA to other 
multivariate techniques and determined that it was more robust to violation of 
assumptions than more commonly-used multivariate methods. Indeed, the nonlinear 
relationship of species abundance to environmental gradients makes the use of many 
other multivariate techniques (Principal Components Analysis, Factor Analysis, etc.) 
inappropriate (Johnson 1981). I utilized CCA to identify the habitat parameters that best 
explained the variation in wildlife community composition in lodgepole pine (Pinus 
contorta) stands that had been altered by a mountain pine beetle epidemic (Dendroctonus 
ponderosae) in northern Utah, and to investigate the habitat relationships of avian and 
mammalian species to habitat variables whose values were affected by the severity of 
this type of forest disturbance. 
METHODS 
Study Area 
Forty 1-ha stands of mature lodgepole pine on the northern slope of the Uinta 
mountains in the Wasatch National Forest, Utah were chosen for this study. An 
epidemic of mountain pine beetles had occurred in this area (elevation: 2769-2942 m) 
from 1980 to 1987. Cumulative tree mortality during the epidemic typically ranged from 
50 to 75% of overstory trees (U.S. Forest Service unpublished inventory data) but I 
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measured mortality ranging from 14 to 95 % in the affected stands I studied. Five of the 
forty stands were outside of the epidemic area, but sustained tree mortality ranging from 
5 to 10% from dwarf mistletoe (Acreuthobium spp.) and/or Armillaria spp. root rot 
disease. Three 30 m x 30 m plots were established in each stand to determine if the 
structural attributes of these 40 forest stands were similar prior to the epidemic. The 
diameter at breast height (DBH) of each tree in the plot that was taller than 2 m was 
measured and converted to basal area. An assessment of whether the tree was alive or 
dead was made at this time. This procedure allowed the computation of an average 
percent tree mortality level and the estimation of the average density of trees (and snags) 
for each stand. Tree densities and basal area in these stands range from 1100 to 1500 
trees ha-1 and 28 to 44 m2 ha-1, respectively. Most stands were located on gently rolling 
terrain with no appreciable slope, but five were located on 20 to 40% slopes. I 
determined by means of an increment borer readings of 10 dominant trees in each stand 
that these even-aged stands ranged in age from approximately 90 to 115 years. The 
height of 30 dominant trees in each stand were measured with a clinometer and a metric 
tape. Trees were typically 15 to 17 m tall. The structural attributes of the 40 forest 
stands I selected were similar, but not the same. These stands varied from each other 
in some respects, but the differences for anyone attribute in a given stand were not 
significantly different (P < 0.05) from the values in the other 39 stands. 
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Data Collection 
Habitat Variables.--The understory plant community was sampled in 50 randomly-
selected I-m2 circular plots in each stand. Aboveground vegetation in each plot was 
harvested, oven-dried, identified to species, and weighed (by species) to the nearest 0.5 
g. The vegetation was also classified into four lifeform categories: grasses/sedges, forbs, 
shrubs, and tree seedlings. Mean biomass per m2 in each stand was computed from these 
plots. The coefficient of variation of mean biomass was computed to indicate the 
heterogeneity in the distribution of understory plant biomass in these stands. 
Forest structural attributes likely to be affected by this type of disturbance were also 
measured. Mean percent canopy cover was measured with a spherical densiometer in 30 
randomly chosen locations in each stand. Crown volume was computed using formulae 
and procedures outlined by Sturman (1968) for coniferous trees, and based on the 
average height of dominant trees in the stand, the mean height of the tree where the 
lower part of the crown began (approximately 2 m), and the mean inner and outer 
diameter of the crown (measured on 30 dominant trees). The mean tree crown volume 
was then extrapolated to the level of the stand by mUltiplying it by the estimated number 
of live trees in the stand. The percent horizontal visual obscurity (to the nearest 20%) 
was determined for each of five 0.5 m height increments from the forest floor to a 
height of 2.5 m from 10 random locations in each stand using eight sightings (from the 
cardinal compass directions and the midpoints between them) of a Robel pole at a 
distance of 15 m (Nudds 1977, Griffeth and Youtie 1988). The mean percent visual 
obscurity for the 80 sightings of the entire 2.5-m pole was computed for each stand. 
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Mean foliage height diversity was determined using procedures outlined by Karr (1968), 
except that three vegetation layers (tree canopy, shrub, and herbaceous) were sampled 
at each meter along five randomly-located 50-m transects in each stand. Patchiness in 
the distribution of vegetation was indicated by a measurement of intrastand edge between 
sunny patches beneath canopy gaps and shady patches beneath the forest canopy. Patches 
of sun and shade> 150 m2 on the forest floor were mapped using the compass-traverse 
method (Mosby 1980) at or near midday. I digitized the forest floor patches from the 
maps using a digitizing tablet and ERDAS (ERDAS 1990) software to obtain patch 
perimeters and area. The intra stand edge of these sunny vs. shaded patches was 
computed using Patton's (1975) edge index. The mean percent downed wood having a 
diameter of 10 cm or more was visually estimated in ten 10-m2 circular plots in each 
stand. 
Insects and spiders were collected using several techniques during the summer of 
1991 to quantify the food resource for insectivorous birds. In each stand, I tacked a 
sticky trap to the boles of two large dead trees and on the distal end of branches (in the 
foliage) of two live trees. I also suspended two sticky traps from branches so that they 
hung approximately 4 m above the ground. This yielded a total of six sticky traps per 
stand. Sticky traps were 10 x 25 cm yellow posterboard strips coated with Tanglefoot 
adhesive. These traps were placed in stands in late June and were collected one month 
later. Traps that contained insects were labeled and transported to an insect laboratory 
for identification. Insects were also collected with a sweep net. The understory 
vegetation was swept with 25 net strokes along 25 randomly-selected transects in July 
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in each stand. These insects were placed in a kill jar for approximately 60 seconds, 
stored together according to stand, and transported to the insect laboratory for 
identification. I identified most insects to the species level, but some specimens could 
only be identified to genus (or family) due to poor condition. The total number of 
insects per stand was tallied during this process. 
Avian and Mammalian Species.--The avian community was not censused during the 
first year of the study (1988) to allow for observer training and the determination of an 
effective plot radius for sampling in this type of terrain. Birds were sampled in 10 stands 
(5 beetle-killed and 5 unaffected stands) in 1989. Tree mortality in the beetle-killed 
stands ranged from 56 to 70 %. The unaffected stands were outside of the epidemic area, 
and they served as controls for initial comparisons. I selected and sampled 10 additional 
beetle-killed stands in 1990 plus the original 10 stands previously described. Tree 
mortality in these new stands ranged from 21 to 92 %. In 1991, I selected and sampled 
20 additional stands (for a total of 40 stands sampled). In 1992, the same stands were 
sampled as in 1991 except for one stand (tree mortality = 82 %) that had been clearcut 
following the 1991 census. The small and medium-sized mammal community was 
censused in the 10 original stands in 1988 and again in 1989. In 1990, I censused this 
community in only the 10 additional stands that were chosen that year. The number of 
fecal pellet groups of large ungulates and the presence of snowshoe hare (Lepus 
americanus) fecal pellets were counted or recorded in the 10 original stands from 1988 
to 1991, in the 20 selected stands in 1990, and in all 40 stands in 1991. 
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The avian community was sampled using the fixed-radius plot technique (Wakely 
1987). Preliminary sampling indicated that 25 m was the effective plot radius in these 
stands. I located four permanent circular plots, each 1963 m2, in each comer of a given 
stand and sampled them in the early morning or evening on five different days from late 
May to the middle of July. I conducted all of the bird sampling. Birds were observed 
from each plot in the stand for 10 minutes after a one-minute delay following arrival at 
the center of the plot. The species of each bird in each plot was identified by visual and 
vocal cues. I tallied the number of birds seen and their species for each plot. The mean 
number of birds per plot was determined by dividing the total number of birds seen at 
the plot by the number of days that the plot was sampled. The mean number of birds 
per day in a plot for all plots was summed and divided by the number of plots per stand 
and then extrapolated to the total area of the stand to obtain a mean density estimate. I 
computed variability in bird detections between plots in a stand using the product of the 
standard error and a finite population correction factor, because approximately 78.5 % 
of each stand was sampled using this design. I computed abundance for 12 species 
individually (including an arboreal mammal: the red squirrel) from these data to 
examine habitat relationships more closely. These individual species (Table 5.1) were 
chosen based on life history traits (Bent 1963a, 1963b, 1964a, 1964b, 1964c; DeGraaf 
et al. 1991), particularly food type, foraging method, and/or an apparent association 
with open canopies or dead trees. 
I trapped small (Peromyscus maniculatus, Eutamias minimus, Eutamias umbrinus, 
Citellus latera lis, Tamiasciurus hudsonicus, Glaucomys sabrinus, Clethrionomys gapperi, 
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Sorex cinereus) and medium-sized (Mustela erminea, Mephitis mephitis, Lepus 
americanus, Erethizon dorsatum) mammals in small and large Sherman live traps and 
in Tomahawk wire-cage traps. Sherman traps were baited with peanut butter and oats. 
Wire-cage traps were baited with hamburger, fish, sliced apples, or a commercially 
available scent lure for furbearers. I placed each type of trap in a web design (Anderson 
et al. 1983) with eight lines of 20 traps per line spaced 3 m apart for small Sherman 
traps, 15 traps per line spaced 4 m apart for large Sherman traps, and 6 traps per line 
spaced 10 m apart for wire cage traps. Each web occupied an area of approximately 1 
ha, and each type of web was used once in each stand during the summer. Traps were 
opened shortly after sundown for 4 nights and then closed after checking the traps each 
morning. 
Trapped animals were marked (toe-clip for rodents, ear tag for all others), identified 
to species (except for two closely-related species of chipmunks that could not always be 
distinguished in the field), and then released. The position in the web for each newly 
marked animal was recorded. Recaptured animals were tallied but not included in an 
estimate of population size. Densities of small mammals and selected individual species 
were computed using program TRANSECT (Laake et al. 1979) modified for the web 
design (Anderson et al. 1983). Density estimates for the stand were approximately equal 
to the number of animals trapped in the web because both occupy 1 ha (square versus 
a circle). Therefore, the sample represents a true census and the computation of standard 
errors is not appropriate. The presence or absence of medium-sized mammals (excluding 
the snowshoe hare) was also recorded in each stand. 
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I counted the number of fecal pellet groups of mule deer (Odocoileus hemionus), elk 
(Cervus elaphus) , and moose (A Ices alces) as an index of their relative abundance in 
stands affected by epidemics of the mountain pine beetle. The presence of snowshoe 
hare (Lepus american us) pellets was also recorded. Pellet groups were counted in fifty 
10-m2 permanent circular plots in each stand. Five plots were clustered around 10 
randomly-chosen points which were marked with a stake. Pellet groups were removed 
from each plot after counting in the late summer. The mean number of pellet groups per 
10-m2 plot in each stand was computed from these data. 
Analytical Procedures 
Diversity of plant and animal communities is indicated by both the number of 
species (richness) and by the evenness in the relative abundance of individuals 
distributed among species. To incorporate the evenness component of diversity, I used 
up to three diversity indices that vary in their sensitivity to species richness versus 
evenness (Magurran 1988): Margalef's diversity index (Margalef 1958), the Shannon-
Wiener index (Shannon and Weaver 1963), and the inverse of Simpson's diversity index 
(Simpson 1949, Hill 1973). These indices provided a more comprehensive interpretation 
of community diversity than species richness alone. Avian and mammalian habitat 
variables included community diversity indices. Understory plant species diversity was 
indicated by both the number of plant species (richness) and the Shannon-Wiener index 
of species diversity. Biomass units (grams) of plant species were used in the computation 
of the diversity index rather than individual plants because of the great variation in size 
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of different plant species. Insect species richness and all three species diversity indices 
were used to describe this aspect of the insect community. In these computations, 
individual insects in the same genus (or family) that could not be further identified to 
the species level were analyzed as one species. Because only three layers (equivalent to 
II species richness ") of vegetation were possible, foliage height diversity was computed 
using the inverse of Simpson's diversity index, which is more sensitive to evenness than 
richness. Species richness, the Shannon-Wiener index, and the inverse of Simpson's 
index were used to describe species diversity in the avian and small and medium-sized 
mammal community. 
The relationships between the habitat variables (Table 5.2) and the abundances of 
avian and mammalian species were examined with canonical correspondence analysis. 
The abundances of the 39 bird species plus the abundance of the red squirrel (Table 5.1) 
were analyzed using CCA for the two years (1991 and 1992) in which all 40 stands were 
sampled to determine their relationships with the variables in Models A and B. In these 
analyses, the abundance of a bird species whose frequency of occurrence in the 40 sites 
was five times less than the most frequent species or family was downweighted in 
proportion to its frequency. Downweighting rare species lessens analytical distortion in 
samples that have many rare species (ter Braak 1988). The abundances of six species of 
small mammals and the snowshoe hare, the presence or absence of masked shrews, and 
the presence or absence of any species of medium-sized mammal (excluding snowshoe 
hares) were analyzed using CCA in a similar manner to the bird species except that 
insect habitat variables were excluded and there were only 20 lodgepole pine stands in 
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the analysis. Model C included mammals that were caught in the 10 original stands in 
1988 and the 10 additional stands in 1990. Model D included the mammals that were 
caught in the 10 original stands in 1989 and the 10 additional stands in 1990. 
Abundances of fecal pellet groups from four different mammals were analyzed in a 
similar manner to small and medium-sized mammals (no insect habitat variables) except 
that pellet group abundances were not downweighted. Model E included pellet groups 
collected in 20 stands in 1990 and Model F included pellet groups collected in all 40 
stands in 1991. Bird species richness, the three indices of species diversity, and the total 
number of birds for both years were also analyzed against all of the habitat variables in 
Table 5.2 (Model G). There was no downweighting of community parameters in this 
analysis. Finally, small and medium-sized mammalian species richness, three indices of 
species diversity, and their total number were analyzed for the mammal data in 
1988/1990 (Model H) and in 1989/1990 (Model I) against the habitat variables used in 
Models C and D. There was no downweighting of community parameters in these 
analyses. 
In these CCA models, the mean biomass of understory vegetation, the mean biomass 
of grass and sedge vegetation, and the mean biomass of shrub vegetation were linearized 
with a log transformation prior to the analysis because of their exponentially increasing 
response to the intensity of the epidemic. All of the environmental variables were 
standardized to unit variance. Initially, all of the habitat variables were included in the 
analyses, but many were highly correlated with each other (multicollinearity) as 
indicated by their high variance inflation factors (Cavallaro et al. 1981, ter Braak 1988). 
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A forward stepwise regression was used to select the variables that explained most of 
the variation in wildlife parameters. An unrestricted Monte Carlo permutation test on 
each selected habitat variable was performed. The selection of habitat variables was 
terminated when the alpha value of an additional variable exceeded 0.05 and if the 
variance inflation factors of the selected variables did not exceed 20.00. The selected 
variables for each of these wildlife-habitat analyses are indicated in Table 5.2. 
RESULTS 
Forward selection of environmental variables using canonical correspondence 
analysis demonstrated that many variables were multicollinear and, therefore, selection 
of only a few of them for each model (Table 5.2) was sufficient to explain most of the 
species-environment variability (Table 5.3) in avian and mammalian species abundance 
and diversity along the environmental gradient. The notable exception to this parsimony 
was the model of bird species abundance in 1991, which selected 10 of the 22 measured 
habitat variables as significant model parameters. The model for bird species abundance 
in 1992 required only six habitat variables. The eigenvalues of the axes of most of the 
models are small, but this is typical for species abundance data (ter Braak 1988), which 
are often very noisy . Nevertheless, ordination diagrams that explain only a low 
percentage of species variance can be informative regarding the relationships of species 
to individual habitat variables (Gauch 1982). The canonical and correlation coefficients 
between the selected habitat variables and the first two canonical correspondence axes 
extracted for each model are presented in Table 5.4. However, a trip lot ordination 
148 
diagram of the site scores, species scores, and the environmental vectors in relation to 
the first two CCA axes generated during the analysis of each model is more 
interpretable. 
The abundances of all 39 bird species and that of the red squirrel in 1991 (Fig. 5.1) 
tended to be distributed along an environmental gradient of high to low understory 
vegetation abundance (Axis 1) and high to low understory plant species diversity and 
heterogeneity (Axis 2). The following year, bird species abundances were reliably 
predicted by the diversity of insect species as well as the abundance of understory 
vegetation (Axis 1), but understory plant diversity and heterogeneity were not 
represented by the second axis (Fig. 5.2). Foliage height diversity dominated the second 
CCA axis in 1992 and was a significant part of that axis in 1991 as well. Both of these 
models demonstrated that foliage height diversity was highly positively correlated (r = 
0.915) with the intra stand edge index between sunny and shaded patches on the forest 
floor, which is apparent from the close proximity of these environmental vectors in Fig. 
5.1. Both models also indicate that the majority of bird species were most abundant in 
stands with greater than 50 % tree mortality. 
The positions of the 12 focal species in relation to these environmental gradients are 
illustrated for each year in two triplot diagrams in Fig. 5.3. An examination of these 
diagrams demonstrates several patterns among the focal species. The mountain bluebird 
(Sia cur) and the western tanager (Pir Iud) were most abundant in stands with 76-100% 
tree mortality. The abundance of understory vegetation and snags in these stands was 
associated with these two species. The olive-sided flycatcher (Nut bor) , the red-breasted 
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nuthatch (Sit can), and the downy woodpecker (Den pub) were most abundant in stands 
with 51-75 % mortality. These stands are characterized by a moderate abundance of 
understory vegetation, high understory plant species diversity, and a heterogeneous 
distribution (horizontally and vertically) in vegetation foliage. A third group comprised 
of the chipping sparrow (Spi pas), gray jay (Per can), gray-headed junco (Jun can), and 
the red-shafted flicker (Col cat) were most abundant midway along the environmental 
gradient and between stands with 26-50 % tree mortality and stands with 51-75 % tree 
mortality. Their positions near the origin of the two CCA axes suggest that their 
abundances may be unrelated to the habitat variables (ter Braak 1987). An examination 
of their abundances in a table (Appendix G) of bird species arranged by value of the 
species scores against stands arranged by their site score values along the first CCA axis 
reveals that these four species are uniformly distributed among stands throughout the 
environmental gradient. The final group of individual focus species, Audubon's warbler 
(Den aud) , the pine grosbeak (Pin enu) , and the red squirrel (Tam hud) , are most 
abundant in stands with 26-50 % tree mortality and appear to be associated with the 
abundance of tree canopy foliage . Tree canopy volume was highly negatively correlated 
(r = - 0.845) with the abundance of understory vegetation in both models. 
The goshawk was not selected as an individual focal species, but its unusually high 
score on the first CCA axis in both years (Fig.s 5.1 and 5.2) indicates that it was most 
abundant in stands with no or little tree mortality. I observed a pair of goshawks fledge 
three young near two control stands outside of the epidemic area in 1989. Different 
individuals of this species were frequently detected in one of my control stands outside 
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the epidemic area in 1991 and 1992. Goshawks were observed in stands with moderate 
tree mortality, but these were infrequent events. 
The abundances of small mammal species and the presence of medium-sized 
mammals in 1988 and 1990 (Fig. 5.4a) were primarily associated with the log of tree 
canopy volume and understory plant species diversity along the first CCA axis and the 
biomass of understory tree species and the log of tree crown volume along the second 
axis. The tree canopy was also selected as an important factor associated with the 
abundances of small mammal species and the presence of medium-sized mammals on 
both CCA axes using the 1989 and 1990 trap data (Fig. 5.4b), but the intrastand edge 
index was the only additional habitat variable necessary to explain the variability in this 
community's composition. The obvious differences in species locations in the two 
diagrams with respect to site mortality classes demonstrate that the habitat relationships 
were not as well determined for small mammals as they were for birds. Excluding the 
deer mouse (Per man), all of the small mammal species were most abundant in stands 
with greater than 50 % tree mortality, although some of the species' positions with 
respect to the site mortality classes varied between the two sets of trapping data. 
Medium-sized mammals were only trapped in stands with greater than 50 % tree 
mortality. 
The abundances of fecal pellet groups (Fig. 5.5) belonging to moose (Ale alc), elk 
(Cer ela) , mule deer (Odo hem), and snowshoe hares (Lep arne) demonstrated an 
environmental gradient composed primarily of the abundance of understory vegetation 
and, in the year (1991) when all 40 stands were sampled, by the intra stand edge index 
151 
as well. The results of pellet group surveys in 1990 (Fig. 5.5a) suggested that moose 
and elk were most abundant in stands with greater than 50 % tree mortality and the 
abundance of understory vegetation, particularly grass, is high. Abundance of mule deer 
pellets, however, was more uniformly distributed along the environmental gradient 
except for stands with the highest positive scores on Axis 1 (low or no tree mortality 
stands) (Appendix H). Snowshoe hare pellets were more abundant in stands with 51-75% 
tree mortality that were associated with high values of intra stand edge or a 
heterogeneous distribution in understory vegetation (Fig. 5. 5b). 
The total abundance of birds of all species and several indices of bird species 
diversity for the avian community in both years were analyzed using CCA to determine 
the habitat variables that were associated with high values of these parameters. The same 
was done for the two sets of small mammal trapping data. The results of these analyses 
depicted in Fig. 5.6 and inspection of the look-up table (Appendix I) of decreasing stand 
scores along Axis 1 by decreasing diversity index scores suggest that different indices 
of diversity are not well correlated with environmental gradients selected by canonical 
correspondence analysis. Although the highest diversity and density values tend to be 
located in stands near the middle of the axis gradient, high values are common in stands 
with negative scores and occassionally in stands with positve scores, especially for 
Simpson's index (Appendix I). 
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DISCUSSION 
Forward stepwise selection of habitat variables reduced multicollinearity problems 
common to multivariate statistical techniques, but may invite "fishing expeditions" 
(Johnson 1981) that may yield spurious correlation between habitat variables and wildlife 
responses that have no biological significance. The use of a Monte Carlo permutation 
test for determining statistical significance of each additional habitat variable to the 
model is helpful in determining the most important variables for explaining the species 
data, but does not control the overall size of the model (ter Braak 1988) with the result 
that too many variables are judged significant. Limiting the number of variables based 
on the values of their variance inflation factors is the best practical means of controlling 
for multicollinearity (Cavallaro et al. 1981) and the resulting plethora of spurious 
correlations. However, the 1991 avian species-habitat analysis (Model A) demonstrates 
that these cautionary steps are not always sufficient for substantially reducing the 
number of independent variables that have a minor, but statistically significant, effect 
on the species data. 
The use of canonical correspondence analysis identified a commonality of habitat 
variables that were highly associated with the different wildlife responses. The 
abundance of understory vegetation, or highly correlated variables such as the abundance 
of understory grass, forbs, or trees and canopy cover or volume, were consistently 
selected to compose a dominant portion of the environmental gradient. These variables 
had their highest values (or lowest, in the case of highly negatively correlated canopy 
variables) in stands with the greatest (76-100 % dead) beetle-caused tree mortality, but 
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they also had moderate values in stands with moderately high (51-75% dead) tree 
mortality. A second group of highly correlated variables (plant species richness, the 
Shannon-Wiener index of plant species diversity, foliage height diversity, and Patton's 
edge index) that were consistently selected to comprise a dominant portion of the 
environmental gradient were representative of the distributional heterogeneity and plant 
species diversity in the understory vegetation. These variables were highest in stands 
with moderately high (51-75 % ) tree mortality. These habitat patterns placed the locations 
of peak abundances for many species within the polygons defined by moderately high 
(51-7 5 % ) and severe (76-100 %) beetle-caused tree mortality stands in the CCA 
ordination diagrams. 
The failure of CCA to extract linear axes that explain a substantial amount of the 
variability in species composition may be related to the locations of peak abundances of 
most species in stands with intermediate levels of tree mortality. Examination of the 
trip lot ordination diagrams visually indicates that the locations of many wildlife species 
are near the origin, rather than uniformly distributed along the axes. The CCA axes are 
unable to maximize the dispersion of wildlife species along an environmental gradient 
based on the differences in stands because most wildlife species have their highest 
abundance in the same stands. The triplot ordination diagrams for the avian species 
demonstrate more dispersion of species locations along the axes, and, therefore, the 
CCA axes are better able to distinguish the stand conditions that are correlated with 
changes in species composition along the environmental gradient. 
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Locations of peak abundances in the CCA ordination diagram for focal species of 
birds and mammals matched well, with few exceptions, with various accounts of their 
life histories and habitat requirements or preferences (Table 5.5). Species that consumed 
pine seeds and buds as a major portion of their diets (red squirrels and pine grosbeaks) 
were more abundant in stands with low (26-50%) tree mortality, but were observed 
foraging in stands with moderately high tree mortality. The red-breasted nuthatch also 
consumes pine seeds, but it was most abundant in moderately disturbed stands, 
presumably because of the insect resources there. Audubon's warbler was also more 
abundant in stands with low tree mortality, but its abundance should have been enhanced 
by habitat conditions in moderately (51-75% tree mortality) disturbed stands. They were 
occasionally observed foraging for insects among the foliage of trees in stands with 
moderate tree mortality. The abundance of gray-headed juncos should also have been 
enhanced by habitat conditions (except that they eat pine seeds) in moderately disturbed 
stands, but were more uniform in abundance across all mortality levels. Many of the 
avian species I observed (e.g., chipping sparrow, western tanager, olive-sided 
flycatcher) nest among the branches in live trees, but were most abundant in stands with 
moderate or severe tree mortality. Apparently, they were nesting in the remaining live 
trees in these stands or nesting elsewhere and using these stands for foraging only. 
No marten (Martes americana) were caught or observed in any of these stands, 
which suggests that a spruce-fir component in the overstory (Allen 1982) is critical to 
the suitability of these forests. The thermal cover requirement for mule deer was not met 
in the moderately high or severely killed stands. This may be a partial explanation for 
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the less rapid increase in mule deer pellet group density as tree mortality increased than 
was observed for elk and moose. A more plausible explanation is that mule deer are 
foraging in these stands, but they are meeting their thermal requirement elsewhere in 
their home range area. The abundance of understory vegetation in these more severely 
disturbed stands appears to be the reason for the greater abundance of elk and moose 
there. Snowshoe hare pellet group data indicated that abundance of grass (the major 
component of the understory vegetation response in disturbed stands) was not positively 
correlated with hare abundance in beetle-killed stands. Rather, trap data and pellet 
counts suggested that understory plant species diversity and heterogeneity are much more 
important predictors of hare abundance. 
The habitat relationships for members of the small mammal community are not as 
clear, probably because of the sample size limitations of the data. However, I did 
determine that understory plant species diversity and heterogeneity as well as the 
abundance of tree canopy were habitat variables influencing community composition. 
The abundance of deer mice in stands with low tree mortality appears to be primarily 
a factor of tree canopy abundance. The flying squirrel and red squirrel were positively 
correlated with canopy abundance in one group of trapping data, but not as strongly 
correlated in the other group. The collection of more samples may have verified the 
strength of this biologically reasonable relationship. Both sets of trap data demonstrated 
the negative correlation of golden-mantled ground squirrels with canopy abundance. This 
relationship has been suggested by Nowak (1991) for all ground squirrel species. Red-
backed voles were most abundant in two moderately-killed stands that had experienced 
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tree mortality in a previous (1960) epidemic. Although downed wood was not selected 
as a habitat variable for the small mammal community, these two stands were the only 
ones studied that had appreciable amounts of dead wood on the forest floor. This 
suggests that this structural component is important for the habitat suitability of this 
species (Allen 1983). ChipmUnk habitat relationships were particularly difficult to 
interpret because I analyzed two morphologically similar species that apparently prefer 
different types of habitat (Burt and Grossenheider 1976, Armstrong 1987) as one 
species. Research aimed, in part, at distinguishing these two species in the field has only 
recently been completed (Perault 1994). Finally, the presence of masked shrews in these 
stands appears to be correlated with the abundance and heterogeneity of understory 
vegetation. Most of the individuals of this species were captured in a single stand that 
was near a moist meadow, and may have little to do with the beetle-caused tree 
mortality in this stand. 
Canonical correspondence analysis does not appear to be an appropriate technique 
for determining the habitat variables that are correlated with different indices of species 
diversity. CCA is designed to determine the optimal habitat parameter values for a 
species based on the environmental conditions in the stands where it is most abundant 
(ter Braak 1986). Placing many species in the analysis separates them along an 
environmental gradient of varying habitat conditions in the stands they occupy. Applying 
this procedure to a group of diversity indices measuring the same community parameter 
merely determines that the indices vary somewhat because they are computed with 
different formulae. Also, because diversity indices are composites of the habitat 
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responses of all of the species in the community, they are not very responsive to 
community composition changes along the environmental gradient. Essentially, diversity 
indices do not peak in value over a small range of the environmental gradient like 
species do because of optimal habitat conditions there. However, CCA is an appropriate 
technique for analyzing species responses to habitat variables because they are typically 
nonlinear (ter Braak 1986). The quadratic response of species abundance to 
environmental gradients is a serious violation of assumptions for most multivariate 
techniques (Johnson 1981). Unfortunately, this also makes CCA inappropriate for 
correlating diversity indices or density of all species with habitat variables along an 
environmental gradient. 
A general comprehensive explanation for community diversity has been proposed 
(Huston 1979) that focuses on the nonequilibrium interactions of competing populations 
and the frequency or intensity of disturbance. However, ecologists continue to discuss 
the merits of alternative explanations of the maintenance of species diversity (Tilman and 
Pacala 1993). The diversity responses I observed lend support to at least three of these 
alternative explantions: environmental heterogeneity, intermediate levels of productivity , 
and intermediate levels of disturbance. These are not necessarily mutually exclusive 
paradigms. Tilman (1982) asserted that many features of plant communities change 
simultaneously along productivity gradients, including diversity. Environmental 
productivity is linked closely with habitat heterogeneity and with aspects of the 
disturbance regime (Rosenzwieg and Abramsky 1993, Schluter and Rickleffs 1993, 
Tilman and Pacala 1993). I have demonstrated that avian and mammalian community 
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composition and species diversity are associated with an environmental gradient 
composed of habitat heterogeneity and plant productivity. Previous chapters 
demonstrated that these wildlife and habitat parameters have high values at intermediate 
levels of disturbance intensity. While the casual agent of these responses is difficult to 
tease apart from the simultaneous changes occurring in the community following a 
disturbance event, the triggering mechanism appears to be the characteristics of the 
disturbance that are inherently responsible for changes in the habitat of wildlife that 
reside in the disturbed environment. This alteration then becomes the basis for 
nonequilibrium interactions between competing species as hypothesized by Huston 
(1979) and Connell (1978). Specifically, the change in habitat substrate and the relative 
abundances of competing species resulting from disturbance provides the nonequilibrium 
conditions that prevent competitive exclusion between competing species, the 
hypothesized mechanism that maintains species diversity. 
The determination of wildlife-habitat relationships is a simple correlative process. 
However, the substantiation of the biological factors causing the relationship is a much 
more complex endeavor. The identification of the underlying mechanisms behind 
wildlife diversity are more complicated still. The use of canonical correspondence 
analyisis contributes to the identification of environmental variables that are possible 
factors in these relationships when tightly-controlled field experiments are infeasible. 
Future research aimed at increasing our understanding of the mechanisms causing shifts 
in species diversity should focus on the competition coefficients, colonization rates, and 
extinction rates of species following environmental perturbations. 
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Table 5.1. List of avian species detected during the summers of 1989-1992 in lodgepole 
pine stands in northern Utah. 
Species 
1. Accipiter gentilis 
2. Anthus spinoletta 
3. Bonasa umbellus 
4. Buteo jamaicensis 
5. Carpodacus cassinii 
6. Certhia familiaris 
7. Chordeiles acutipennis 
8. Colaptes cafer· 
9. Contopus sordidulus 
10. Dendrocopus pubescens· 
11. Dendrocopus villosus 
12. Dendroica audubont 
13. Dendroica townsendi 
14. Falco sparverius 
15. Hirundo rustica 
16. Hylocichla guttata 
17. Iridoprocne bicolor 
18. Junco caniceps· 
19. Leucosticte atrata 
20. Myadestes townsendi 
21. Nucifraga columbiana 
22. Nuttallomis borealis· 
23. Parus atricapillus 
24. Parus gambeli 
25. Perisoreus canadensis· 
26. Picoides tridactylus 
27. Pinicola enucleator· 
28. Piranga ludoviciana 
29. Regulus calendula 
30. Sialia currucoides· 
31. Sitta canadensis· 
32. Sphyrapicus thyroides 
33. Sphyrapicus varius 
34. Spinus pinus 


























Northern three-toed woodpecker 
Pine grosbeak 
Western tanager 







Table 5.1 (cont.) 
36. Spizella passerina· 
37. Troglodytes troglodytes· 
38. Turdus migratorius 
39. Zonotrichia leucophyrs 







Table 5.2. Habitat parameters measured in 40 (or 20 stands for small mammals) 
lodgepole pine stands following an epidemic of mountain pine beetles in northern Utah 
and the environmental variables selected by canonical correspondence analysis models 
that explained the variability in wildlife-habitat relationships. 
Habitat Parameter 
log 10 mean understory biomass 
coefficient of variation in mean understory biomass 
10g1O mean biomass of grass 
mean biomass of forbs 
mean biomass of understory trees (less than 2m tall) 
IOg10 mean biomass of shrubs 
understory plant species richness 
Shannon diversity index for understory plant community 
overstory tree density 
overstory tree basal area 
percent tree mortality 
number of snags 
IOg10 overstory tree crown volume 
percent overstory tree crown cover 
percent of forest floor covered with downed wood 
mean percent horizontal visual obscurity (0.0-2.5m) 
Simpson's diversity index for foliage height diversity 
Patton's edge index for sun vs. shade patches 
insect species richness 
Shannon diversity index for insect community 
Simpson's diversity index for insect community 
number of insects collected per hectare 
a abundance of bird species in 1991 
b abundance of bird species in 1992 
c abundance of small mammal species in 1988 and 1990 
























e abundance of fecal pellet groups of four mammal species in 1990 
f abundance of fecal pellet groups of four mammal species in 1991 
g diversity and density of avian community in 1991 and 1992 
h diversity and density of small mammal community in 1988 and 1990 
i diversity and density of small mammal community in 1989 and 1990 
Model 
a, b, f 
e, i 
a, b 









a, d, f, h, i 
b 
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Table 5.3. Eigenvalues and cumulative percent of variance explained in models of 
wildlife-habitat relationships by the first two environmental gradient axes generated by 
canonical correspondence analysis. 
Axis 1 Axis 2 All Extracted Axes 
Model a 
Eigenvalue 0.162 0.057 0.381 
Cumulative percent variance 42.6% 57.7% 
Model b 
Eigenvalue 0.172 0.051 0.292 
Cumulative percent variance 58.8% 76.3% 
Model c 
Eigenvalue 0.207 0.079 0.306 
Cumulative percent variance 67.6% 93.4% 
Model d 
Eigenvalue 0.143 0.065 0.208 
Cumulative percent variance 68.8% 100% 
Model e 
Eigenvalue 0.126 0.030 0.156 
Cumulative percent variance 80.7% 100% 
Model f 
Eigenvalue 0.046 0.039 0.085 
Cumulative percent variance 53.8% 100% 
Model g 
Eigenvalue 0.013 0.001 0.049 
Cumulative percent variance 94.6% 100% 
Table 5.3 (cont.) 
Model h 
Eigenvalue 
Cumulative percent variance 
Model i 
Eigenvalue 
Cumulative percent variance 
a abundance of bird species in 1991 









c abundance of small mammal species in 1988 and 1990 
d abundance of small mammal species in 1989 and 1990 
e abundance of fecal pellet groups of four mammal species in 1990 
f abundance of fecal pellet groups of four mammal species in 1991 
g diversity and density of avian community in 1991 and 1992 
h diversity and density of small mammal community in 1988 and 1990 





Table 5.4. Canonical and intra set correlation coefficients between selected environmental 
variables and wildlife community parameters in models of wildlife-habitat relationships 
generated by canonical correspondence analysis. 
Canonical Coefficients Correlation Coefficients 
llxis 1 llxis 2 llxis 1 llxis 2 
Model a 
logVEG - 1.69 0.23 - O. 912 0.093 
FORB 0.35 0.25 - O. 530 - 0.137 
TREE 0.09 0.37 - O. 236 - 0.009 
logSHRB 0.19 0.91 - O. 726 0.235 
VEGRICH - 0.67 - 0.23 - O. 660 - 0.360 
VEG S-W 0.42 0.22 - 0.508 - 0.440 
SNAG NO 0.46 - 0.96 - O. 811 0.208 
VISOBSC 0.11 0.09 - O. 713 - 0.146 
FHD 0.23 - 0.83 - 0.284 - 0.661 
EDGEIND - 0.26 - 0.49 - 0.203 - 0.658 
Model b 
logVEG - 0.81 - 0.92 - 0.948 0.057 
FORB 0.21 - 0.23 - 0.658 - 0.218 
TREE 0.05 0.22 - 0.296 0.056 
logCrVI 0.01 - 1.04 0.772 - 0.464 
FHD - 0.09 - 0.63 - 0.361 - 0.708 
InRich - 0.39 0.46 - 0.825 - 0.067 
Model c 
TREE - 0.282 - 0.995 - 0.437 - 0.545 
VEG S-W - 0.670 - 0.207 - 0.765 0.066 
logCrVI 0.356 - 0.867 0.684 - 0.308 
Model d 
%CrwCov 0.564 - 0.828 0.515 - 0.592 
EDGEIND - 0.799 - 0.604 - 0.706 - 0.417 
Table 5.4. (cont.) 
Model e 
logGRA - 1.00 
TREE 0.20 
Model f 
logVEG - 0.857 
EDGEIND - 0.544 
Model g 
TREE - 0.468 
VEGRICH - 0.833 
Model h 
logCrVI - 0.54 
EDGEIND - 1.01 
Model i 
logGRA 0.70 
SNAG NO - 1.02 
EDGEIND - 0.85 
a abundance of bird species in 1991 












c abundance of small mammal species in 1988 and 1990 












e abundance of fecal pellet groups of four mammal species in 1990 
f abundance of fecal pellet groups of four mammal species in 1991 
g diversity and density of avian community in 1991 and 1992 
h diversity and density of small mammal community in 1988 and 1990 














Table 5.5. Review of critical habitat components and food requirements of selected avian 
and mammalian .. species. 
Species Habitat 
Red-backed vole - large overstory trees met by stands 
- moderate to complete which meet 
canopy closure of conifers habitat 
- low percent grass canopy requirements 
cover 
- at least 20 % of forest floor 
covered with downed wood 
(Allen 1983) 
Deer mouse - a great variety of habitats - plants and animals 
(Hall 1981) (Hall 1981) 
ChipmUnk - E. minimus edge species - seeds, nuts, fruits 
(Armstrong 1987) (Armstrong 1987) 
- E. umbrinus contiguous pine 
(Burt and Grossenheider 1976) 
Masked shrew - moist forest, open stands - insects 
(Burt and Grossenheider 1976) 
Snowshoe hare - moderate to high visual - herbage and 
obstruction (0-3 m) browse biomass 
(Carreker 1985) 
Golden-mantled - open pine and spruce forest - seeds, fruit, 
ground squirrel (Burt and Grossenheider 1976) insects, meat 
N. flying squirrel - restricted to forest - nuts, fruits, berries 
(Nowak 1991) bark, fungi 
nests in hollow trees (winter) (Nowak 1991) 
nests in large open nest in tree 
branches (summer) 
(Banfield 1974) 
Red squirrel - evergreen conifer forests - pine seeds 
(Flyger and Gates 1982) - terminal buds of conifers 
- berries, birds, insects 
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Table 5.5. (cont.) 
Species Habitat Food 
Short-tailed weasel - variety of boreal habitats - great variety 
(agric. lowlands, meadows, (rodents, small rabbits, 
woodlands, montane areas) songbirds, insects) 
- avoids dense coniferous (Hamilton 1933) 
forests 
(Svendsen 1982) 
Marten - moderate to high percent assumed met in 
canopy closure stands that 
- moderate levels of percent meet habitat 
downed wood on forest floor requirements 
- older successional stages of 
forest development 
- percent overstory canopy 
composed of at least 40 % 
spruce or fir 
(Allen 1982) 
Mule deer - diversity of vegetation - diversity of 
structure and edge plant species 
(Mackie et al. 1982) (browse and herbage) 
- thermal cover: 60 % crown - understory 
closure in pole-size forest, biomass 
75 % closure in sapling forest 
(Thomas et al. 1979) (Mackie et al. 1982) 
Elk - high percent visual - wide variety 
obstruction (0-2 m) of grasses, 
- high interspersion of shrubs, and forbs 
macrohabitat types - understory biomass 
(Thomas et al. 1979) (Peek 1982) 
Moose - boreal forest - browse in winter and 
- early seral stands herbage in summer 
created by disturbance - shrub species diversity 
(Krefting 1974) (LeResche et al. 1974) 
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Table 5.5. (cont.) 
Species * Habitat Food 
Mountain - open forest - beetles, other insects 
bluebird - feeding perches - 10% berries 
- nest cavities 
Red-breasted - nest cavities - pine seeds and 
nuthatch - conifer forests flying insects 
Downy - snags - beetles and 
woodpecker - open forests wood-boring larvae 
- cavity nester - 25 % berries and seeds 
Northern - snags - 50% insects 
flicker - cavity nester - 50 % berries and seeds 
Gray-headed - edges - seeds of forbs 
junco - openings in wooded areas grasses, pines 
- nests beneath dense vegetation or 
downed wood on the ground 
Western chipping - open stands - seeds of forbs and grass 
sparrow - nests on tree limbs with foliage - insects 
gleaned from tree foliage 
Rocky Mountain - coniferous forests - buds, seeds of pine trees 
pine grosbeak - nests on branches with - insects in spring 
dense foliage 
Western tanager - open, mature coniferous - flying insects or 
forests insects gleaned from 
- nests in branches of foliage 
coniferous trees - 20 % berries 
Gray jay - dense coniferous forests - everything 
- nests on tree limbs with 
dense foliage 









- open coniferous forests - flying insects 
- nests in tree limbs with foliage 
- perches of tall, dead branches 
or snags 
- timbered conifer stands with 
low crown cover 
- edges 
- nests in coniferous tree limbs 
- flying insects 
* (Bird species-habitat relationships from DeGraaf et al. 1991) 
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Fig. 5.1. Triplot ordination diagram of 39 avian species and the red squirrel, selected 
environmental variables, and site locations by mortality class displayed against the fIrst 
two axes extracted by canonical correspondence analysis of avian species-habitat 
relationships in 40 lodgepole pine stands following an epidemic of mountain pine beetles 













Fig. 5.2. Triplot ordination diagram of 39 avian species and the red squirrel, selected 
environmental variables, and site locations by mortality class displayed agaiIist the frrst 
two axes extracted by canonical correspondence analysis of avian species-habitat 
relationships in 39 lodgepole pine stands following an epidemic of mountain pine beetles 






























































































THE IMPACT OF A MOUNTAIN PINE BEETLE EPIDEMIC ON WILDLIFE 
HABITAT AND COMMUNITIES IN LODGEPOLE PINE STANDS IN 
NORTHERN UTAH: A SUMMARY 
My research on the impact of a mountain pine beetle (Dendroctonus ponderosa e) 
epidemic on wildlife habitat and communities in lodgepole pine (Pinus contorta) 
stands in northern Utah demonstrated that this type of disturbance has a substantial 
effect on the forest ecosystem. The abundance and diversity of wildlife species are 
generally enhanced following epidemic levels of this insect pest. Exceptions to this 
pattern are red squirrels (Tamiasciurus hudsonicus) , pine grosbeaks (Pinicoia 
enucieator) , and Audubon's warblers (Dendroica auduboni) , which appear to be 
more abundant in unaffected stands or those with low tree mortality because of the 
abundance of canopy foliage resources in those stands. Goshawks (Accipiter gentilis) 
were also most abundant in undisturbed stands, presumably because the canopy 
foliage offered them critical nesting cover. However, these four species were all 
detected or trapped in stands with moderate beetle-caused tree mortality, indicating 
that they were not entirely excluded by the significant alterations in forest structure 
and composition following the epidemic. 
The most important aspect of forest habitat changes following the epidemic, 
which dominated the environmental gradient over which species abundances were 
distributed, was the increase in understory biomass as canopy foliage was reduced. 
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Understory plant specIes diversity and structural heterogeneity also contributed 
significantly to explaining the variability in species' abundances in affected stands. 
This information was often contained along a second canonical correspondence axis 
that was perpendicular to the model's main effect of increasing understory vegetation 
biomass. The abundances of most species of birds and mammals were highest when 
understory plant biomass, species diversity, and heterogeneity had high values. 
Grazing herbivores appeared to be among the animals most benefitted by mountain 
pine beetle epidemics in these lodgepole pine stands. 
Mountain pine beetles produce a range of tree mortality depending on stand 
composition and environmental conditions. However, typical levels of tree mortality 
in mature, even-aged stands of lodgepole pine are moderately severe (Amman and 
Baker 1972). This type of disturbance usually causes a loss of 50% or more of the 
canopy density and basal area in mature lodgepole pine stands in a period of a few 
years (Romme et al. 1986). Unpublished U.S. Forest Service inventory data on the 
tree mortality following this epidemic in northern Utah also revealed that typical 
levels of mortality were moderately heavy (50-80%). 
The resulting species diversity of understory plants, insects, birds, and mammals 
over the continuum of beetle-caused tree mortality was generally consistent with the 
predictions of the intermediate disturbance hypothesis. This suggests that species 
richness is highest when disturbance is intermediate in frequency or intensity. 
However, species diversity of the insect community and the small mammal 
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community appeared to remain high or decrease only slightly in the most severely-
disturbed stands. This study neither proves nor disproves the tenets of the 
intermediate disturbance hypothesis because colonization rates of new species, 
extinction rates of species from the site, and competitive interactions between species 
were not investigated. These mechanisms were proposed by Connell (1978) to cause 
the quadratic relationship of diversity to disturbance frequency and intensity. 
Moreover, the cause of the increased diversity at moderate levels of beetle-caused 
tree mortality could not be determined because the research design was a correlative 
study of relationships in stands with different tree mortality following a natural 
disturbance, not a rigorously-controlled experimental manipUlation of tree mortality 
in these stands. Nevertheless, a high degree of association does exist between the 
diversity and abundance of avian and mammalian species and the habitat variables 
that indicate resource (principally food and cover) abundance, diversity, and 
heterogeneity. Patton (1992) submitted that vegetation structure and lifeform are the 
most important factors in creating food and cover sources for forest wildlife species. 
Many disturbance regimes operate simultaneously in coniferous forests of western 
North America. Placing bark beetle epidemics on a continuum of forest disturbance 
from frequent minor perturbations to infrequent widespread catastrophes (Fig. 6.1) 
demonstrates that a bark beetle epidemic is an intermediate type of disturbance in 
these forests (Sources: Perla 1972, Carrara 1979, Cole and Amman 1980, McGregor 
and Cole 1985, Anderson et al. 1987, Arno 1988, Miller 1990, Jenkins and 
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Hebertson 1994). A bark beetle epidemic can have substantial effects on tree 
mortality and growth across an entire forest when it occurs, but the frequency of 
recurrence on a given site is often low because the beetle selects predominantly 
mature and overmature trees, which it usually kills. Disturbance by endemic 
diseases, drought, and fITe are more frequent than bark beetle epidemics. A volcanic 
eruption or a landslide is certainly more devastating to the forest but occurs less 
frequently. It should be noted, however, that the current disturbance regimes of bark 
beetles and fire in western coniferous forests have been altered by fire suppression 
and the resulting change in forest species composition and structure (Kolb et al. 
1994, Mutch 1994). 
The interaction of frequency and intensity of bark beetle epidemics further 
complicates the predictability of the effects on wildlife from this type of disturbance. 
A severe epidemic is likely to increase the return interval of the next epidemic. 
Conversely, frequent epidemics reduce the probability of a severe epidemic. The 
inverse relationship between severity and frequency of disturbance would appear to 
be an important feedback mechanism operating in these ecosystems to maintain long-
term homeostasis. More frequent, but less severe, epidemics are not likely to 
produce the same habitat conditions or species compositions that I observed, but may 
demonstrate similar patterns of wildlife diversity by preventing or delaying 
competitive equilibrium among species in the community (Huston 1979). Turner et 
al. (1989) determined that model landscapes of biotopes that were susceptible to 
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disturbance were more sensitive to intensity rather than frequency when these 
biotopes occupied > 60% of the landscape, a situation that appears to apply to 
western coniferous forests. The intensity of disturbance in these situations was 
identified as the primary factor of the disturbance regime in creating environmental 
heterogeneity or patchiness in the landscape. Environmental heterogeneity is a 
potential mechanism leading to wildlife diversity. Nevertheless, an alteration in the 
frequency of mountain pine beetle epidemics in lodgepole pine forests is sure to 
affect the severity of these epidemics and the resulting consequences for wildlife 
habitat and communities that I have observed. The consequences of these altered 
conditions are not as certain. 
The important role of natural disturbances in forest ecosystems is generally 
recognized, but the role of disturbance in forest management and policy is currently 
being defined. A new paradigm termed "ecosystem management" is rapidly being 
adopted by land management agencies in the U. S. without a complete understanding 
of the term's meaning and potential implications for land management. Many 
interpretations of the ecosystem management paradigm (Caplan and Kessler 1991, 
Oberbay 1992) include an important role for natural disturbance regimes in 
maintaining ecosystem integrity and functioning within the natural range of 
environmental variability. The emphasis on ecosystem integrity and sustainability 
(Grumbine 1994) as the overiding land management goal is the distinguishing factor 
of the new paradigm. It constrains the human consumption of ecosystem resources 
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to a level that is less than or equal to that which can be supplied over the long term 
without impairing the natural processes that maintain the ecosystem. The 
anthropocentric interpretation of ecosystem management (Grumbine 1994, Lackey 
1994, Judith Meyers, pers. comm.) perceives the provision of resources demanded 
by society as the most important management goal with the maintenance of 
ecosystem integrity or forest health as a secondary goal. The meaning of the term 
"forest health" is being explored currently (Kolb et ale 1994). The anthropogenic 
view of ecosystem management is similar to traditional multiple-use management 
(Multiple Use and Sustained Yield Act 1960). This interpretation of ecosystem 
management allows the achievement of resource targets (including wildlife and 
recreation goals) to constrain the attainment of natural ecosystem integrity. 
Pragmatically, maintaining the role of natural disturbances in ecosystems will 
often conflict with the orderly provision of resources that society values. Bark beetle 
epidemics have threatened habitat for the endangered red-cockaded woodpecker 
(Picoides borealis) in the southeastern United States (Connor et ale 1991 ) and other 
insect pathogens could have a similar impact on the old growth forest habitat of the 
Northern spotted owl (Strix occidentalis). Timber resources and many recreational 
opportunites are also threatened. Conflict in these situations appears inevitable, as 
do compromises between the maintenance of natural processes and the production of 
forest resources. The resolution to this conflict does not appear to be at hand. This 
is true despite the Forest Service's evolving policies on forest disturbance such as the 
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"let it bum" policy, which may allow natural fires to bum if they do not threaten 
human lives or property, and the integrated pest management policy, which gives 
consideration to various methods of controlling forest insect pests, but still 
emphasizes their control. 
Future research should be conducted to determine the applicability of these 
findings to other forest ecosystems. Also, the effects of multiple bark beetle 
epidemics and those of interactions with other disturbance types, especially fire, need 
to be investigated to address the variability in responses as a function of disturbance 
history. The impact of mountain pine beetles on wildlife habitat and communites 
could also be addressed at higher spatial and temporal scales. Intriguing results await 
researchers who are able to determine the dynamics behind the likely causal 
mechanisms of the quadratic response of species diversity to disturbance frequency 
and intensity. The determination of colonization rates, extinction rates, and 
competition coefficients in ecosystems that are affected by different disturbance 
regimes will provide insights into ecosystem resistance, resilience, and stability. Such 
insights could assist land managers in designing management options for achieving 
or maintaining ecosystem health or a desired mix of resource products following 
disturbance. Although the effects of this type of disturbance on hydrology, nutrient 
cycles, and energy flows have been investigated by Mattson and Addy (1975), as 
well as by Romme et al. (1986), many aspects of these impacts require further 
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research to fully appreciate and understand the effects of bark beetle epidemics on 
ecosystem processes and functions. 
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Figure 6.1. Conceptual illustration of the relationship of bark beetle epidemics to other types of disturbance in 







Appendix A. Plant species collected in random plot biomass samples in beetle-killed 
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Appendix B. Means, standard deviations, and test statistics for one-way analysis of 
variance comparisons of mean plot biomass of understory vegetation in beetle-killed 
lodgepole pine stands of similar tree mortality levels sampled in different years. 
Stand Year Percent Tree Mortality Mean Biomass (g m2) S.D. 
01 1988 56 33.9 16.17 
02 1988 58 28.7 15.17 
03 1988 66 32.2 14.44 
04 1988 69 35.7 28.46 
05 1988 70 35.6 25.73 
06 1988 8 4.4 1.70 
07 1988 8 5.3 2.21 
08 1988 5 4.1 1.47 
09 1988 9 6.1 1.52 
10 1988 10 5.8 1.58 
01 1989 56 44.8 22.33 
02 1989 58 39.3 18.21 
03 1989 66 45.0 17.32 
04 1989 69 53.2 32.57 
05 1989 70 49.9 32.54 
06 1989 8 4.8 1.40 
07 1989 8 5.7 0.81 
08 / 1989 5 3.4 0.53 
09 1989 9 5.8 1.16 
10 1989 10 6.4 1.15 
11 1990 93 80.2 21.75 
12 1990 81 62.0 21.65 
13 1990 26 8.8 1.16 
14 1990 38 17.1 7.40 
15 1990 49 27.4 22.64 
16 1990 27 7.3 1.06 
17 1990 28 10.4 1.74 
18 1990 88 81.9 18.01 
19 1990 94 106.8 20.92 
20 1990 82 63.9 29.70 
21 1991 14 7.0 0.95 
22 1991 18 4.3 0.73 
23 1991 27 9.9 1.07 
24 1991 31 10.0 1.93 
25 1991 53 36.1 26.51 
26 1991 60 45.9 35.46 
27 1991 65 52.1 33.30 
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Appendix B. (cont.) 
Stand Year Percent Tree Mortality Mean Biomass (g m2) S.D. 
28 1991 82 62.8 21.56 
29 1991 93 96.7 25.67 
30 1991 91 83.3 27.25 
31 1991 61 32.2 27.93 
32 1991 42 14.6 5.99 
33 1991 87 74.1 28.81 
34 1991 76 60.1 27.88 
35 1991 95 108.8 23.43 
36 1991 53 33.7 30.48 
37 1991 34 12.5 2.54 
38 1991 94 107.1 14.08 
39 1991 51 32.5 32.97 
40 1991 84 71.7 29.92 
COMPARISON ~ 
, 
1988 vs. 1989: 
0-25% mortality (n=10) 0.02 0.905 
51-75% mortality (n=10) 23.75 0.000 
1988 vs. 1989 vs. 1991 
51-75 % mortality (n = 15) 5.90 0.016 
1989 vs. 1991 
51-75% mortality (n=10) 2.02 0.193 
1990 vs. 1991 
26-50% mortality (n=8) 0.12 0.739 
76-100% mortality (n= 12) 0.01 0.926 
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Appendix C. Taxonomic list and abbreviated code for insects and spiders collected in 
40 lodgepole pine stands following an epidemic of mountain pine beetles. 
Taxa Family Species 
Arachnida - spiders ARA 1 
three undetermined species M8 
Coleoptera - beetles 
Cantharidae - soldier beetles COL 2 
Cantharis alticola C8 
Podabrus excursus C7 
Cerambycidae - longhomed beetles COL 6 
Acaemops proteus C4 
Gnathacaemops pratensis C5 
Monochamus scutellatus C1 
Stenocorus uteanus C3 
Stenocorus vestitus C2 
Cery lonidae - minute bark beetles COL 7 
a single undetermined species CIO 
Coccinellidae - ladybird beetles COL 5 
Coccinella nivicola C6.5 
Coccinella transversoguttata C6 
Curculionidae - weevils COL 3 
Otiorhynchus ovatus C13 
Sitona cylindricollis C14 
Ptinidae - spider beetle family COL 4 
Ptinus spp. C9 
Scolytidae - bark beetles COL 1 
Dendroctonus ponderosae Cl1 
Ips pini C12 
Diptera - flies 
Anthomyiidae - anthomyiid flies DIP 2 
Hylemya cinerella D6 
Hylemya platura D7 
Hylemya variata D8 
Asilidae - robber flies DIP 9 
Coleomyia alticola D58 
Cophura scitula D59 
Cyrtopogon banksi D60 
Cyrtopogon montanus D61 
Cyrtopogon willistoni D62 
Heteropogon senilis D63 
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Calliphoridae - blow flies DIP 22 
Bujolucilia silva rum D81 
Phormia regina D82 
Cecidomyiidae - gall midges DIP 11 
single undetennined species D41 
Chamaemyiidae - chamaemyiid flies DIP 23 
Chamaemyia polystigma D22 
Chironomidae - midges DIP 15 
Chironomus utahensis D26 
Chironomus spp. D27 
CWoropididae - grass flies DIP 16 
Chlorops lituratus D78 
A1eromyza saltatrix D79 
Thaumatomyia glabra D80 
Culicidae - mosquitos DIP 7 
Aedes campestris D29 
Aedes cinereus D30 
Aedes dorsalis D31 
Aedes melanimon D32 
Aedes stimilans D33 
Anopheles jreeborni D34 
Culex tar salis D35 
Culiseta inornata D36 
Dolichopodidae - long-legged flies DIP 8 
Campsicnemus thersites D67 
Dolichopus aldrichi D68 
Dolichopus gladius D69 
Dolichopus obcordatus D70 
Dolichopus ramifer D71 
Pelastoneurus aldrichi D72 
Pelastoneurus vagans D73 
Empididae - dance flies DIP 14 
Drapetis dividua D64 
Platypalpus spp. D65 
Tachypeza spp. D66 
Ephydridae - shore flies DIP 25 
Notiphila macro chaeta D75 
Ochthera occidentalis D76 
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Lauxaniidae - lauxaniid flies DIP 5 
Camptoprosopella vulgaris D20 
Homoneura occidentalis D19 
Lauxania nigrimana D21 
Muscidae - house flies DIP 1 
Fannia canicularis D4 
Fannia jlavibasis D5 
Lispe polita D3 
Musca domestica Dl 
Spilogona bisetosa D2 
Mycetophilidae - fungus gnats DIP 21 
Macrocera clara D40 
Phoridae - hump-backed flies DIP 6 
Borophaga spp. D84 
Gymnophora subarcuata D83 
Scathophagidae - dung flies DIP 20 
Scathophaga stercorarium D74 
Sciomyzidae - marsh flies DIP 26 
Dictya spp. D54 
Sepedon borealis D55 
Sepsidae - black scavenger flies DIP 13 
Sepsis neocynipsea D57 
Simuliidae - black flies DIP 12 
Simulium arcticum D24 
Simulium griseum D25 
Simulium vittatum D23 
Stratiomyidae - soldier flies DIP 24 
Labostigmata similis D85 
Synneuridae - synneurid gnats DIP 19 
Synneuron decipiens D28 
Syrphidae - flower flies DIP 18 
Arctophila jlagrans D48 
Ceriana tridens D49 
Eristalis anthophorinus D50 
Eristalis bardus D51 
Eupeodes volucris D52 
Volucella bombylans D53 
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Appendix C. (cont.) 
Tabanidae - horse flies DIP 3 
Hybomitra affinis D15 
Hybomitra phaenops D14 
Hybomitra rhombica Dll 
Hybomitra rupetris D12 
Hybomitra tetrica D13 
Tabanus dorsifera DIO 
Tabanus similis D9 
Tachinidae - parasitic flies DIP 4 
Cylindromia dosiades D47 
Drino protoparcis D46 
Gonia sequax D44 
Lespesia schizurae D43 
Lespesia westonia D42 
Peleteria iteranis D45 
Tephritidae - fruit flies DIP 10 
Euarestoides acutangulus D16 
Neotephritis /inalis D17 
Ore Ilia occidentalis D18 
Stylia spp. D18.5 
Therevidae - stiletto flies DIP 17 
Apsilocephala spp. D39 
Ozodiceromya aldrichi D37 
Ozodiceromya frontalis D38 
Hemiptera - true bugs 
Lygaeidae - seed bugs HEM 1 
Geocoris pallens HEl7 
Nysius ericae HE16 
Sphaerobius spp. HEl9 
Xyonysius californicus HEl8 
Miridae - plant bugs HEM 2 
Deraeocoris brevis HEl 
Diaphnidia pellucida HE2 
Hadronema princeps HE3 
Hadronema uhleri HE4 
Lygus elisus HE5 
Lygus hesperus HE6 
Lygus robustus HE7 
Lygus varius HE8 
Megaloceroea recticornis HE9 
Melanotrichus spp. HElO 
202 
Appendix C. (cont.) 
Orthops scutellatus HEll 
Phytocoris interspersus HE12 
Stenodema trispinosum HE13 
Stenodema virens HE14 
Stenotus binotatus HE15 
Rhopalidae - scentless plant bugs HEM 3 
Arhyssus scutatus HE20 
Liorhyssus hyalinus HE2l 
Homoptera - true bugs 
Aphididae - aphids HOM 3 
Aphis lupini H015 
Cinara brevispinosa H016 
Cinara juniperi H014 
Macrosiphum avenae H017 
Cicadellidae - leafhoppers HOM 1 
Aceratagallia arida HOI 
Agallia quadripunctata H02 
Athysanella utahna H03 
Balclutha punctata H04 
Cicadula divisa H05 
Colladonus geminatus H06 
Colladonus montanus H07 
Empoasca nigra H08 
Exitianus obscurinervis H09 
Helochara comminis HOIO 
Idiocerus amablis H012 
Idiocerus pallidus HOll 
Typhlocylea rosae H019 
Xerophloea viridis H018 
Delphacidae - delphacid leafhoppers HOM 2 
a single undetermined species H013 
Hymenoptera - bees, wasps, sawflies, and ants 
Adrenidae - carpenter bees HYM 1 
Perdita spp. HY39 
Anthopboridae - digger bees HYM 17 
Anthophora spp. HY40 
Apidae - honey bees and bumble bees HYM2 
Apis mellifera HY35 
Bombus spp. HY33 
Psithyrus spp. HY34 
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Braconidae - parasitic wasps HYM7 
Agathis spp. HYll 
Apanteles spp. HY12 
Chelonus sericeus HYI0 
Coeloides brunneri HY7 
Coeloides dendroctoni HY6 
Dacnusa spp. HY14 
Meteorus spp. HY8 
Opius spp. HY13 
Vipio croceus HY9 
Chrysididae - cuckoo wasps HYM 10 
Trichrysis tridens HY20 
Colletidae - yellow-faced bees HYM4 
Colletes gypsicolens HY32 
Diapriidae - diapriid wasps HYM9 
Diapria conica HY18 
Diprionidae - conifer sawflies HYM 14 
Neodiprion burkei HY24 
Dryinidae - pincher wasps HYM8 
Neodryinus spp. HY16 
Fonnicidae - ants HYM5 
Formica argentea HY30 
Formicajusca HY31 
Formica lasioides HY26 
Formica neorufibarbis HY28 
Formica obscuriventris HY27 
Formica podzolica HY29 
Formica wheeleri HY25 
Halictidae - sweat bees HYM 16 
Halictus jarinosa HY36 
Ichneumonidae - parasitic wasps HYM6 
Campoplex spp. HY5 
Cremaster cookii HY3 
Rhyssa lineolata HY2 
Rhyssa persuasoria HYI 
Theronia atalantae HY4 
Megachilidae - leaf cutting bees HYM3 
Dianthidium spp. HY37 
Megachile spp. HY38 
Platygastridae - platygastrid wasps HYM 12 
Platygaster spp. HY19 
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Pteromalidae .- pteromalid wasps HYM 11 
Dibrachys cavus HY15 
Sphecidae - digger wasps HYM 13 
Sphex ichneumoneus HY17 
Tenthredinidae - common sawflies HYM 15 
Tenthredo coloradensis HY21 
Lepidoptera - butterflies and moths 
Microlepidoptera - suborder of small moths LEP 1 
a single undetermined species M15 
N octuidae - night moths LEP 2 
Euxoa auxiliaris M10 
Septis artica M9 
N ymphalidae - butterflies LEP 3 
Basilarchia weidemeyerii M13 
Speyeria edwardsii MIl 
Speyeria mormonia M12 
Pieridae - sulphur butterflies LEP4 
Colias philodice M14 
Odonata - dragonflies and damselflies 
Coenagrionidae - narrow-winged damselflies aDO 1 
Ischnura cervula M7 
Orthoptera - grasshoppers and crickets 
Acrididae - banded-wing grasshoppers aRT 1 
Xanthippus corallipes M6 
Thysanoptera - thrips 
Thripidae - thrips THR 1 
Frankliniella hawksworthi M5 
Frankliniella occidentalis M4 
Oxythrips pinicola M3 
Thrips madronii M1 
Thrips pini M2 
Appendix D. Reference table of insect species abundance arranged by species scores along the first canonical axis against stands 
arranged by site scores along the first canonical axis. 
SPECIES STAND 
o 2 003 1 0 102 3 2 3 021 1 303 321 120 1 I 224 0 3 1 223 3 3 
4 1 3 524 2 6 6 677 1 105 347 9 6 807 4 9 8 2 5 2 0 859 1 9 3 803 
D62 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ClIO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D63 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D58 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D60 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
013 0 0 3 0 0 0 0 0 0 2 0 3 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HOl4 3 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D61 6 0 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
D65 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D27 0 4 0 2 0 I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
DI5 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HY30 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D7 3 0 4 0 3 0 5 0 0 2 0 5 3 0 4 0 0 3 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
HEll 0 0 0 0 0 0 5 0 0 2 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cl1 4 0 0 4 0 0 5 0 0 I 0 2 3 4 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HY36 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
D38 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HY6 4 0 3 0 1 0 0 0 0 0 0 5 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
D31 0 0 0 4 0 0 4 0 0 3 2 0 3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 0 0 
D42 0 0 0 0 I 0 3 0 0 0 0 4 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HY34 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
D41 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 0 0 0 0 0 




Appendix D. (cont.) 
M12 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
012 0 0 0 0 0 0 0 1 0 0 0 4 3 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
<:6.5 0 0 0 0 0 0 0 0 0 3 0 4 3 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
04 3 0 0 3 0 0 5 0 0 3 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 4 0 0 0 0 0 0 
M13 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
H010 2 2 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 5 0 0 0 2 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
HE20 0 0 0 0 0 0 0 0 0 0 0 5 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
073 3 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 2 0 0 
HY25 5 0 2 6 0 0 0 0 0 0 0 4 5 3 3 0 0 4 0 5 2 0 0 0 0 0 4 3 0 0 0 0 0 0 0 0 0 0 0 0 
MIl 0 0 0 2 0 0 2 0 0 4 0 2 2 2 2 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 3 0 0 0 0 0 0 0 0 0 
D~ 0 0 4 3 0 0 0 0 0 0 0 0 4 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
D43 0 0 2 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
HY17 0 0 0 3 0 0 2 0 0 2 0 0 3 0 0 2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
<:9 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 
069 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
HE17 0 0 4 0 0 0 0 0 0 6 0 0 7 0 0 0 0 5 0 3 2 6 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 
011 5 0 5 2 0 0 0 0 0 4 0 3 4 2 0 0 0 3 0 0 2 3 0 0 0 0 0 0 0 0 3 0 5 0 0 2 0 2 0 0 
017 0 0 0 0 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HY40 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 boo 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
HY19 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M15 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
HY29 4 0 2 3 0 0 0 0 0 2 0 7 0 2 3 0 0 9 0 0 0 0 0 0 0 0 3 0 2 0 0 0 0 0 0 0 0 0 0 5 
M10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HY35 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
HY28 0 0 0 0 0 0 6 0 0 4 0 0 4 0 5 5 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 4 0 0 
M8 0 0 0 1 0 0 0 0 0 0 0 5 2 0 0 0 0 7 0 6 0 0 0 0 0 0 0 1 0 0 0 0 3 0 0 0 0 0 0 0 
HE12 0 0 4 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 
HY31 4 0 0 5 0 0 0 0 0 2 0 3 5 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 5 0 0 
H018 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
044 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 




Appendix D . (cant.) 
1)18.5 0 0 3 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 0 1 0 3 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 
1)83 4 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 3 
HY27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 4 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
1)10 0 0 2 0 0 0 4 0 0 0 0 0 0 0 2 0 0 0 0 3 4 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 4 0 
1)39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1)34 2 0 0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 3 0 
H011 0 0 0 0 0 0 0 0 1 3 0 3 5 3 4 0 0 8 0 0 0 3 0 0 1 0 0 2 0 0 6 0 0 0 1 0 0 0 0 0 
H016 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HE18 004 0 000 0 0 3 0 0 900 4 0 4 0 2 4 0 0 0 000 3 0 0 0 0 0 021 0 000 0 
HE3 0 3 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 2 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
M1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
C10 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 
1)28 0 0 0 0 0 1 0 3 0 0 0 0 0 0 2 3 2 4 0 0 4 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 
1)49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
HE15 0 0 0 1 0 0 4 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 5 0 0 0 0 0 0 0 5 0 0 0 0 0 
1)1 5 0 5 3 6 0 6 3 2 0 3 0 2 3 5 0 0 0 2 4 5 0 5 0 1 3 9 2 5 0 3 0 0 11 0 5 0 0 6 0 
HE14 0 0 0 6 0 0 0 0 0 3 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 0 
C2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cl~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
M14 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
1)70 0 0 5 5 0 0 0 0 0 2 0 0 3 0 0 0 0 3 0 0 3 2 0 0 0 0 0 0 0 0 4 0 5 2 0 0 0 0 3 0 
HY15 0 000 000 0 0 0 0 0 0 0 0 0 0 0013 0 100 100 0 0 0 . 0 0 0 0 0 0 0 0 0 2 
HE9 0 0 0 0 0 0 0 0 0 0 0 3 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 
HE10 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
1)2 0 0 2 0 0 0 0 0 0 0 0 5 0 0 0 0 0 3 0 0 0 0 0 0 0 0 2 2 0 0 0 0 7 0 0 2 0 0 0 0 
HE4 0 0 0 0 0 0 0 0 0 5 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 
HY16 2 2 0 0 0 0 0 1 0 0 0 5 0 2 4 3 0 0 0 3 0 2 0 0 0 0 0 0 0 0 0 0 4 5 0 0 0 0 0 4 
1)64 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
HY7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Appendix D. (cont.) 
~7 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
H04 3 0 3 6 0 0 0 0 0 0 0 0 0 0 0 3 0 10 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 7 10 0 0 0 0 
036 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 3 0 0 0 0 3 0 0 0 0 
H02 5 0 0 3 0 0 2 0 0 3 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 7 0 0 0 0 0 5 0 6 0 0 0 3 
03 2 0 0 5 2 0 4 0 0 0 0 0 4 2 3 0 0 3 0 0 0 8 1 0 0 0 1 0 1 0 3 0 0 3 0 0 0 8 1 0 
040 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 3 0 0 0 0 
~9 0 0 0 2 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
HY32 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
HY38 0 0 0 0 0 0 0 0 0 2 0 2 6 2 3 2 0 3 0 0 0 0 0 0 0 0 0 2 0 0 3 0 8 0 0 2 0 0 0 2 
H07 600 3 0 000 0 3 3 0 800 3 0 7 0 5 0 0 0 000 6 0 0 0 7 024 0 0 1 0 0 4 0 
032 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 3 0 0 0 0 
046 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 
016 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 3 
HE8 0 0 0 0 0 0 3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 9 0 0 3 0 0 0 0 
H013 7 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 1 17 15 3 8 0 1 0 0 0 0 0 0 0 3 2 0 0 0 0 0 14 6 0 
HE7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 
HOI 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 4 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 16 0 0 0 0 0 
014 0 0 0 1 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 2 0 0 0 0 2 0 
067 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 2 0 0 0 O' 
020 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 
051 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
HEI9 0 0 0 0 0 0 5 0 0 4 0 3 7 0 0 3 3 4 012 7 2 0 0 0 0 0 0 0 0 16 0 19 4 4 0 ' 0 0 0 3 
029 0 0 0 0 0 0 0 0 0 0 0 0 6 0 2 0 0 3 0 0 2 0 0 0 0 0 0 5 2 0 0 0 0 5 0 0 0 0 0 0 
053 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 8 0 5 0 4 3 0 0 0 I 0 0 0 0 0 4 0 5 0 0 0 0 7 ' 0 0 
HYI8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 II 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 3 0 
045 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 0 0 
el2 0 0 6 0 0 0 3 0 0 4 0 5 3 4 2 0 0 2 0 0 3 5 0 I 0 0 0 0 4 0 8 0 3 4 5 7 0 3 2 6 
H017 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 3 0 0 0 0 0 
080 0 0 0 0 0 0 0 0 0 0 0 8 3 0 5 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 II 0 0 0 0 0 0 0 7 0 
HYI 0 0 3 0 0 0 3 0 0 4 0 6 7 2 4 3 0 6 0 0 3 3 0 0 0 0 0 0 0 0 5 0 0 8 0 5 0 7 0 8 




Appendix D . (cant.) 
HE21 0 0 0 0 0 0 0 0 0 0 0 3 4 2 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 6 0 1 0 0 4 0 0 
071 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 2 0 0 0 0 
HE6 0 0 5 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 6 0 0 0 0 0 19 0 0 0 0 0 0 
HY20 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 3 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 3 0 3 0 0 
HY21 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 300 0 3 0 0 0 0 0 . 0 0 
08 4 0 0 3 0 0 0 2 0 3 0 3 2 3 1 3 0 3 0 0 0 7 0 0 0 0 5 2 0 2 2 0 4 4 3 3 0 8 8 0 
M6 2 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 5 4 0 0 0 0 4 0 0 0 0 0 2 0 
HY4 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 2 0 0 
D24 2 .0 0 0 0 0 0 0 0 2 0 2 0 0 0 2 0 3 0 2 0 0 0 0 0 0 5 0 3 0 2 0 8 0 0 0 0 4 4 0 
D33 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 
HY12 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 3 0 0 0 2 0 0 0 0 0 
C8 0 0 0 0 0 0 0 0 0 2 0 0 3 0 2 0 0 4 0 3 0 3 0 0 0 0 2 0 4 0 2 0 4 0 2 4 0 0 0 3 
06 1 1 0 0 0 2 2 0 0 2 0 3 2 3 5 0 2 2 0 3 0 0 0 0 0 0 9 0 0 0 2 0 0 8 0 7 1 0 0 6 
025 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 
C6 3 0 0 3' 0 0 0 0 0 3 0 0 0 0 0 0 0 7 0 0 6 3 0 0 0 0 0 0 0 0 4 0 6 0 0 0 0 7 8 0 
HEI 0 0 2 3 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 3 0 0 7 0 0 0 0 0 0 
HY5 0 1 0 0 0 0 0 0 0 3 2 2 3 0 4 0 0 3 0 3 0 2 0 0 0 0 0 0 0 0 6 0 8 2 2 0 0 6 2 1 
026 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
084 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 4 0 2 0 0 0 0 0 0 0 0 4 0 0 0 2 1 1 3 0 4 0 0 
HY26 0 0 8 2 0 0 4 0 0 10 0 3 8 6 8 0 0 11 0 3 4 0 0 0 0 0 13 7 7 0 6 0 16 8 0 14 12 0 10 11 
057 0 0 0 1 0 0 0 0 0 5 0 0 0 0 0 4 0 0 3 0 0 6 0 0 0 0 4 3 0 2 0 0 10 0 3 6 0 8 0 0 
HY33 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 2 0 
09 0 0 4 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 5 0 0 0 0 0 3 
HY24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0 
HYll 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 2 0 0 0 3 5 0 0 0 0 0 0 0 0 4 0 0 0 5 
030 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 4 0 5 
05 0 0 0 3 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 8 0 0 0 0 4 
074 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 2 0 1 
HY8 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
068 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 




Appendix D. (cont.) 
C7 0 0 0 0 0 0 0 0 0 0 0 0 5 0 2 0 0 3 0 0 0 3 0 0 0 0 0 2 2 0 0 0 0 3 0 0 0 5 3 0 
H015 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 4 0 
HY13 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 16 0 0 0 0 4 0 0 
H012 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 5 0 0 1 0 6 0 0 
HY37 0 0 3 0 0 0 0 0 0 2 0 5 4 3 3 2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 7 6 6 0 3 11 5 
M2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 6 0 3 
019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 4 0 0 0 0 0 0 
050 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
021 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 4 0 0 
H08 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 0 0 0 0 4 0 0 0 0 0 3 0 0 0 11 0 0 
HE5 0 0 0 0 0 0 4 0 0 4 0 0 4 0 0 0 0 0 0 6 4 8 0 0 0 0 0 3 0 0 5 0 23 0 0 0 0 8 13 11 
H06 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 3 0 0 0 7 0 9 0 0 0 17 0 
HY3 0 0 0 2 0 0 0 0 0 0 0 0 2 0 2 0 0 3 0 4 0 0 2 0 0 0 0 0 2 0 3 0 9 0 0 0 0 8 6 3 
HY14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 5 0 4 0 0 0 0 0 0 0 0 0 0 j 0 0 9 3 5 0 0 0 0 
M5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
023 0 0 0 0 0 0 0 0 0 0 0 2 0 0 5 0 1 7 0 3 0 0 0 0 0 0 0 2 2 0 3 0 0 6 2 5 0 10 0 5 
HE2 0 0 0 0 0 0 000 0 0 0 2 0 0 0 0 0 0 0 0 '0 0 0 000 0 2 000 0 0 013 000 0 
066 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
085 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
HY2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 3 0 0 
H03 0 0 0 0 0 0 . 0 0 0 0 0 0 0 4 4 4 0 0 0 0 0 0 0 0 0 0 9 0 0 0 3 0 3 4 0 0 0 6 10 0 
079 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 4 0 0 0 2 0 0 0 0 0 0 0 0 3 0 0 3 0 15 0 3 0 7 
HE16 0 0 0 0 0 0 6 0 0 0 0 3 8 0 0 0 0 3 0 5 3 3 0 1 1 0 3 5 7 0 0 0 0 10 5 11 0 28 13 20 
HY9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 2 0 0 3 0 0 0 0 0 0 
H 09 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 2 0 0 0 0 0 0 0 10 2 0 0 0 0 6 28 0 0 0 0 12 
C13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
078 0 0 0 0 0 0 0 0 0 0 0 7 5 0 0 0 0 3 0 0 0 7 0 0 0 0 0 0 0 0 6 0 31 10 10 25 0 16 20 19 
081 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
C4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 




Appendix D. (cont.) 
048 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 
072 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 7 0 0 
047 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 
022 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
059 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
M3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 GOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 
054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
HYI0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 3 0 2 
052 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 6 
055 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 10 
075 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
076 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 




Appendix E. Reference table of insect family abundance arranged by species scores along the first canonical axis against standS 




























003 2 121 3 101 103 0 2 3 023 3 1 123 1 230 123 0 3 4 202 2 
782 1 426 7 0 673 9 6 2 4 4 5 3 895 9 8 8 5 0 3 205 1 1 3 094 6 7 
o 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 000 
o 1 0 0 0 0 0 0 0 0 0 000 2 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 
000 4 1 0 1 0 0 0 0 000 0 0 0 2 0 000 203 0 0 0 000 0 0 0 0 000 0 0 
15 2 9 0 0 0 0 0 1 0 0 1 0 8 7 0 17 0 0 14 3 0 0 0 0 0 0 6 0 0 0 0 0 0 0 3 0 0 0 0 
000 000 1 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 020 0 0 0 0 000 0 
000 0 103 0 0 0 0 204 0 0 4 0 000 3 000 0 0 000 2 7 0 0 0 0 0 0 0 0 
o 0 0 2 1 1 0 1 0 0 2 0 0 0 0 0 5 0 0 3 400 3 3 0 0 0 3 004 0 0 3 000 0 0 
2 0 8 0 0 0 3 3 7 2 0 0 3 5 18 1 6 14 0 8 4 0 18 10 6 15 6 7 7 6 8 9 5 8 4 6 7 10 5 8 
o 0 0 0 000 000 1 0 0 0 0 0 0 0 0 0 0 0 204 0 0 6 0 · 2 0 0 0 0 0 0 0 0 0 0 
o 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
000 200 1 0 0 0 0 0 0 0 000 000 3 3 5 2 0 0 0 0 004 4 204 0 0 205 
o 0 3 1 2 2 2 0 0 0 0 2 0 0 7 0 8 3 1 8 3 3 12 7 7 14 4 8 4 4 10 4 6 3 6 4 10 8 8 11 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 13 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 7 0 0 7 6 14 0 4 4 0 0 0 0 0 0 5 0 0 8 9 0 0 0 0 
00010 100 0 0 000 2 0 0 4 2 0 6 2 0 1 3 004 0 000 2 3 1 3 0 3 4 3 0 
o 0 0 0 0 000 0 0 0 0 0 0 0 0 0 000 000 2 0 0 0 0 1 000 0 0 0 0 0 0 0 0 
o 0 0 1 0 0 0 2 0 0 0 0 0 2 4 0 9 7 3 4 3 6 5 0 17 0 2 3 4 9 2 10 0 0 7 7 8 6 10 0 
000 0 0 000 0 0 0 0 0 0 1 0 0 000 1 000 0 0 0 0 0 000 0 0 0 0 0 0 0 0 
000 0 000 0 0 0 1 000 0 0 3 003 3 0 0 0 0 0 0 0 0 0 0 0 0 100 3 0 2 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 10 0 0 0 3 0 0 0 0 0 4 0 0 0 0 0 0 3 
000 0 000 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 3 000 2 0 0 0 0 0 0 0 0 2 0 0 0 
o 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 
o 0 0 0 000 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 000 0 0 
o 0 0 0 0 0 2 0 0 0 1 3 0 16 11 1 16 0 0 28 22 7 14 11 3 1 3 7 13 6 14 0 19 0 11 23 16 21 0 13 6 




































o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 000 0 0 0 2 000 0 0 000 0 000 
000 0 0 000 0 0 0 0 0 0 2 0 4 3 0 0 0 2 2 0 3 0 000 0 0 0 0 0 0 0 0 0 2 0 
o 0 0 3 1 1 1 0 2 0 0 3 0 6 16 0 9 0 0 11 8 3 26 16 6 8 4 22 11 27 20 32 0 15 11 11 16 0 16 17 
o 0 0 1 0 0 0 2 2 0 0 0 0 3 3 0 16 2 0 26 7 3 12 5 14 0 2 8 3 3 11 16 2 3 12 18 5 0 7 10 
000 0 0 000 0 0 100 3 8 0 2 0 0 3 204 5 604 2 602 3 8 0 6 8 7 4 5 7 
o 0 0 000 000 0 000 000 0 0 0 0 0 0 0 4 0 0 0 0 0 000 2 0 0 0 0 003 
o 0 0 2 0 1 1 3 0 1 0 3 0 11 13 1 42 0 0 40 7 16 18 20 16 30 8 31 8 23 8 39 10 61 19 36 39 0 20 13 
o 0 1 0 0 000 0 000 0 0 0 0 0 302 0 000 0 000 003 0 0 0 0 100 0 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 005 303 6 8 2 6 3 000 4 003 2 4 0 2 0 
o 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 3 1 0 8 0 0 0 6 0 4 4 0 0 3 4 10 0 3 10 0 6 0 5 0 
o 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 4 0 13 0 6 0 3 0 0 0 0 3 0 
o 0 0 0 0 000 0 0 000 0 0 000 0 0 2 0 0 0 0 0 0 0 000 0 0 0 2 0 0 0 0 0 
000 0 0 000 0 0 0 0 0 0 0 0 0 2 0 0 0 0 124 1 0 2 4 0 0 0 0 0 1 200 3 0 
00000 0 0 0 0 0 0 0 0 0 0 0 4 0 0 000 0 0 0 0 0 0 000 0 0 000 2 100 
o 0 0 0 100 0 0 0 0 103 003 9 0 9 004 2 5 0 7 3 500 6 0 0 4 643 8 0 
o 0 0 0 0 000 0 0 000 0 0 0 0 0 0 2 0 2 0 2 0 0 0 0 0 0 3 000 1 220 0 0 
o 0 0 0 0 0 1 0 0 0 0 0 0 6 6 0 3 3 0 2 7 0 7 3 10 4 0 6 16 0 6 8 3 0 3 7 2 5 8 10 
o 0 100 000 0 0 0 000 800 204 004 5 3 600 203 4 2 1 0 0 0 2 0 4 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 4 5 0 0 3 10 4 6 0 8 8 0 2 8 3 0 4 4 0 10 7 10 6 4 
o 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 13 0 0 14 5 3 8 0 0 7 5 4 0 2 5 8 0 2 5 5 5 3 2 4 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 3 0 4 7 0 10 0 0 11 3 2 6 8 5 6 7 7 8 0 4 7 
o 0 0 0 0 0 0 0 0 0 0 0 0 8 12 0 26 16 1 '29 14 8 8 5 22 20 11 10 12 10 21 21 11 0 16 11 14 13 18 17 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 2 0 0 0 3 0 0 0 0 0 0 0 0 2 0 0 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 11 0 0 7 0 0 0 3 3 0 2 8 0 0 0 6 0 0 0 4 0 3 6 4 
o 0 0 0 0 000 0 0 0 0 0 0 0 0 600 8 0 0 2 000 3 400 3 000 3 0 0 600 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 007 100 6 0 0 0 2 0 000 103 000 200 0 5 
000000000 000 0 0 203 2 0 0 0 0 0 0 2 0 0 0 005 0 3 0 0 3 004 5 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 3 400 1 000 6 6 1 0 0 000 8 
000 0 0 000 0 0 0 0 000 000 0 2 0 000 0 0 000 0 0 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 000 0 0 0 0 0 0 000 000 0 0 0 0 0 0 3 0 0 0 0 3 000 0 0 0 0 0 













o 000 0 0 000 0 000 0 0 0 0 0 0 0 0 0 003 5 0 204 0 4 000 3 020 0 
o 000 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 3 0 000 4 
o 000 0 0 0 0 0 0 0 0 0 0 0 0 6 2 000 0 2 1 0 0 0 0 0 003 0 0 0 0 004 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 2 0 0 0 0 3 8 0 0 0 0 0 0 0 0 10 4 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 004 0 0 0 0 0 200 2 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 1 0 100 
o 0 0 0 0 0 0 0 0 0 0 000 0 0 000 0 0 0 1 000 0 000 0 0 0 0 0 0 203 0 




Appendix F. Reference table for insect community diversity indices and total abundance arranged by index scores along the first 
canonical axis against stands arranged by site scores along the first canonical axis. 
Stand Community Parameter 
Simpson's Shannon's Shannon's Margalefs Simpson's Margalef's Family Species Total Number 
Diversity (fmy) Diversity (fmy) Diversity (spp) Diversity (fmy) Diversity (spp) Diversity (spp) Rich. Rich. I ha . · 
08 5.000 1.055 1.055 1.243 5.000 1.243 3 3 5 
07 1.284 0.362 0.362 0.910 1.280 0.353 2 2 17 
13 10.869 1.981 1.981 2.525 10.870 2.525 8 8 16 
09 2.500 0.693 0.693 0.558 2.500 0.558 2 2 6 
22 14.925 1.887 1.887 2.606 14.920 2.606 7 7 10 
16 13.157 2.084 2.187 2.954 14.920 3.246 9 10 15 
21 12.821 2.186 2.186 3.114 12.820 3.114 10 10 18 
06 3.003 0.637 0.637 0.910 3.000 0.910 2 2 3 
10 2.874 1.119 1.414 1.207 4.590 1.668 4 5 12 
37 8.696 1.738 1.738 1.949 8.700 1.949 6 6 13 
23 3.333 0.950 0.950 1.243 3.330 1.243 3 3 5 
17 27.778 1.906 2.079 2.885 28.000 3.366 7 8 8 
14 20.833 1.748 1.748 2.569 20.830 2.569 6 6 7 
24 20.000 1.609 1.609 2.485 20.000 2.485 5 5 5 
32 3.774 1.409 1.605 1.595 4.610 1.914 6 7 23 
11 5.076 2.230 2.996 4.008 14.920 6.012 21 31 147 
19 18.182 3.039 3.683 5.390 37.040 9.294 30 51 217 
38 15.152 2.942 3.545 4.614 29.410 7.956 27 46 272 
18 9.091 2.390 3.127 2.867 22.730 5.530 15 28 132 
33 17.241 3.033 3.435 5.260 26.320 7.702 29 42 205 
15 9.804 2.383 3.091 2.950 23.810 5.446 14 25 82 
40 15.152 2.930 3.766 4.671 41.670 9.716 26 53 211 
35 16.949 3.058 3.386 5.072 24.390 6.830 30 40 302 
30 14.706 2.945 3.366 5.072 25.640 7.139 28 39 205 




Appendix F. (cont.) 




Appendix G. Reference table of avian abundance arranged by species scores along the first canonical axis against stands arranged 
by site scores along the first canonical axis for a) 1991 and b) 1992. 









































8 22 37 13 16 24 23 10 17 32 9 21 14 36 28 31 15 39 1 25 27 20 26 4 34 19 5 30 35 2 29 3 i2 38 11 40 33 18 
0.25 0.00 0.25 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.00 1.500.750.75 1.00 1.00 0.75 0.75 0.50 1.00 0.50 1.500.750.50 1.25 1.25 0.25 1.75 0.00 1.25 1.00 1.25 2.25 0.00 1.25 0.75 0.50 0.00 0.25 0.00 0.00 1.25 0.00 0.750.00 0.00 0.00 0.00 0.00 0.00 
0.500.25 0.00 0.00 0.50 0.25 0.00 0.00 0.25 0.25 0.00 0.75 0.50 0.25 0.50 1.00 0.00 0.50 0.00 1.00 0.25 0.25 0.25 0.00 0.00 0.75 0.50 0.00 1.00 0.00 0.00 0.50 0.00 0.75 0.00 0.00 0.00 0.00 0.00 0.00 
1.00 1.75 1.00 0.00 0.75 0.500.50 0.00 0.00 1.00 0.50 1.75 1.25 0.00 0.50 2.25 0.502.75 2.752.752.25 1.75 1.75 2.75 1.75 1.75 1.750.00 2.25 0.00 0.00 2.00 0.00 1.500.00 0.00 0.00 0.00 0.00 0.00 
0.750.500.00 0.00 0.00 0.750.500.25 0.25 0.50 0.750.00 0.00 0.50 0.50 0.00 0.50 0.50 1.500.00 0.75 1.00 0.00 0.50 0.00 1.25 0.75 0.00 1.500.00 0.00 0.00 0.00 0.750.00 0.25 0.75 0.00 0.00 0.00 
0.75 1.00 0.75 0.25 0.75 0.75 1.50 1.25 0.00 1.25 1.75 1.25 1.00 0.00 0.50 1.00 3.50 1.00 2.50 0.00 1.750.50 0.00 2.50 1.00 1.25 2.50 1.50 1.50 0.00 0.00 0.00 1.25 0.75 1.500.75 1.00 0.00 0.00 0.75 
1.25 0.25 0.500.750.750.750.50 1.25 0.25 0.50 1.00 1.25 0.00 0.25 0.75 0.50 0.25 0.00 1.00 0.00 1.50 0.50 0.75 1.00 0.75 1.00 0.50 0.50 1.00 0.75 1.25 1.750.50 0.75 0.50 0.50 0.00 0.50 0.75 0.75 
0.750.75 0.500.500.75 0.00 1.50 0.75 0.50 1.00 0.25 1.250.500.50 0.50 0.75 1.25 1.25 0.500.50 1.250.75 1.00 0.50 0.50 1.00 0.750.50 1.750.50 1.50 1.25 0.50 0.50 0.75 0.500.500.750.25 0.75 
0.250.250.00 0.00 0.250.500.00 0.00 0.00 0.50 0.00 0.250.00 0.00 0.00 0.25 0.00 0.750.500.500.750.00 0.25 0.75 0.00 0.00 1.00 0.00 0.250.00 0.00 0.750.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 
2.00 1.250.50 1.25 1.75 0.500.502.25 1.25 3.00 1.75 3.250.75 1.25 4.25 0.75 2.00 3.25 4.75 1.25 1.75 1.00 2.50 4.75 2.25 5.SO 5.25 3.25 4.25 I.SO 0.00 4.00 1.25 3.752.25 1.75 4.00 3.75 2.00 3.50 
0.00 1.00 0.75 0.00 0.750.75 1.00 O.SO 0.25 1.00 0.00 3.25 O.SO O.SO 2.25 3.00 0.50 3.50 3.50 1.25 1.75 1.00 2.75 2.50 1.00 2.25 2.00 0.00 3.75 1.25 0.00 3.00 0.00 3.00 6.25 O.SO O.SO 1.25 0.500.75 
0.750.75 1.250.25 0.50 1.00 O.SO 0.50 0.25 1.00 2.00 1.25 1.50 0.75 1.00 0.752.00 4.25 1.00 0.75 3.75 I.SO 0.00 1.00 0.50 4.755.00 2.00 5.00 1.752.00 2.00 2.00 3.75 1.75 1.50 1.25 0.75 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.25 0.00 0.50 0.00 O.SO 0.50 0.00 0.25 0.00 0.00 0.25 0.25 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 O.SO 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.25 0.00 0.00 0.75 0.50 0.750.00 0.50 0.00 0.50 1.50 0.25 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.75 0.00 0.00 0.00 
0.00 0.00 0.25 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.25 0.25 0.25 0.00 0.25 0.00 0.25 0.25 1.25 0.25 0.00 0.50 0.00 0.50 0.25 0.00 0.00 0.50 0.00 0.00 
0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.25 0.25 0.25 0.25 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.25 0.00 0.25 0.50 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00,0.00 0.25 0.00 0.00 0.75 0.25 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.750.25 0.50 0.50 0.50 O.SO 0.00 0.00 0.25 0.00 1.00 0.750.00 1.50 0.00 0.00 0.750.25 0.75 0.75 0.25 0.00 0.50 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.500.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 
0.00 O.QO 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.00 0.00 O.SO 0.25 0.25 1.00 0.50 0.50 0.50 0.75 I.SO 0.750.750.50 1.250.25 1.00 0.00 0.25 1.00 0.25 1.50 1.75 0.25 0.00 0.50 0.00 0.75 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 1.50 1.500.500.75 1.25 0.00 0.00 0.25 0.50 1.50 1.00 0.00 2.50 0.00 0.00 0.75 0.00 0.00 2.75 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.SO 0.00 0.00 9.00 O.SO 0.00 O.SO 0.75 0.25 0.00 0.00 0.00 0.50 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.250.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 1.750.00 0.25 0.25 0.50 0.75 1.25 0.75 1.50 1.00 1.00 0.25 1.50 1.500.00 1.00 1.25 1.00 1.00 0.750.500.00 0.50 0.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.25 1.00 0.25 0.500.50 1.00 0.50 0.50 1.00 0.750.750.500.75 0.50 0.25 0.50 1.25 1.00 0.00 0.50 0.25 0.50 0.75 1.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.SO 0.00 0.00 0.00 0.25 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 O.SO 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.75 0.00 2.00 2.75 0.50 1.00 1.750.752.75 1.50 2.00 1.25 1.753.25 1.00 1.00 2.25 0.25 3.00 1.750.750.50 2.00 1.75 2.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.250.00 0.00 0.50 0.50 0.25 0.50 O.SO 0.25 O.SO 0.25 1.00 0.750.00 1.00 0.00 O.SO 0.750.00 1.750.75 0.500.00 0.750.25 0.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.250.25 0.00 0.00 0.50 0.25 1.00 0.25 1.00 1.00 0.75 2.25 0.25 0.75 0.75 1.75 0.50 1.25 0.00 0.50 0.50 0.00 0.25 0.500.25 1.25 0.75 1.25 1.25 
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 1.250.00 0.75 1.25 1.25 1.50 l.SO 1.50 1.25 1.25 1.503.00 0.503.50 1.00 0.00 2.00 1.25 2.75 3.75 1.25 0.75 1.75 1.00 1.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.250.00 0.50 1.00 0.00 0.00 0.50 1.25 1.500.00 0.00 1.500.00 3.75 O.SO 0.75 2.00 0.00 0.75 2.00 0.00 1.75 2.250.25 1.00 1.25 0.00 1.75 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.25 0.00 0.50 0.50 0.50 0.25 0.25 0.75 0.75 0.25 0.75 0.500.25 0.50 1.25 1.00 0.50 0.75 0,25. 0.25 0.500.50 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.00 1.75 0.25 1.25 1.75 1.00 1.75 1.25 1.25 0.25 0.75 2.500.25 0.00 1.500.75 1.50 1.500.50 1.75 1.50 1.00 1.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.00 1.50 2.25 1.25 2.50 1.00 I.SO 3.00 1.25 2.00 5.00 1.00 2.50 0.75 1.75 3.00 1.00 5.00 3.50 1.50 1.75 1.50 I.SO 3.50 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.75 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.500.00 0.750.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 0.50 0.00 0.75 0.00 0.00 1.500.750.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 O.SO 0.00 0.250.00 0.75 0.50 0.25 0.00 0.750.00 0.00 2.25 0.00 0.50 0.00 1.00 1.25 0.25 0.00 1.75 




Appendix G. (cont.) 









































21 24 23 22 7 13 37 9 16 10 14 17 32 36 I 15 25 39 3 2 31 12 5 27 20 29 26 30 28 18 4 35 34 38 40 11 33 
1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.50 1.00 0.50 1.250.500.25 0.500.750.750.750.750.750.25 1.00 0.50 1.00 1.00 1.00 1.50 I.SO 1.00 0.75 1.25 0.00 0.75 0.75 0.00 0.00 1.250.00 0.00 0.00 0.00 0.00 0.750.00 0.00 0.00 0.00 
0.50 1.25 0.75 O.SO 1.00 1.00 0.75 1.25 O.SO 0.75 \.00 1.00 0.50 0.50 1.250.25 1.75 O.SO 0.50 0.750.75 1.00 1.25 1.75 1.25 0.50 1.00 0.75 0.75 0.500.500.75 0.50 1.00 0.50 0.50 1.00 0.25 0.25 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.750.25 0.00 0.00 0.00 0.25 O.SO 0.250.750.500.25 0.75 0.25 0.00 0.25 0.75 0.00 0.50 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 
1.75 1.25 1.25 2.25 1.752.00 I.SO 4.00 2.75 \.SO 2.00 2.753.50 2.25 1.753.00 2.252.25 1.25 2.25 4.00 3.75 3.00 3.SO 4.00 3.50 2.75 2.00 \.25 !.SO 2.25 3.25 0.25 1.752.00 1.00 1.75 2.00 0.75 
0.75 0.50 0.50 0.75 0.75 0.500.50 0.7S 1.25 1.00 O.SO \.00 0.75 0.50 0.75 I.SO 1.00 1.50 0.75 !.SO 0.75 I.SO 1.00 O.SO 1.50 1.75 !.SO 0.50 0.50 0.50 0.750.750.50 0.00 \.25 0.50 0.50 0.25 0.00 
0.00 0.25 0.00 0.00 0.50 0.00 0.00 0.00 1.25 0.75 0.25 0.50 0.25 0.00 0.75 0.75 1.75 0.75 1.75 0.00 0.75 1.00 O.SO 1.25 0.00 0.00 1.00 0.00 0.75 0.00 0.00 0.00 0.25 0.00 1.00 0.00 0.25 0.00 0.00 
0.00 0.00 1.00 !.SO 1.25 0.50 0.75 0.7S 2.00 0.752.00 1.75 0.75 2.00 2.25 2.25 3.00 3.SO 2.752.75 3.00 2.75 2.25 I.SO 3.00 1.00 3.00 0.00 2.00 0.50 0.75 l.2S 3.25 0.00 3.50 0.75 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.75 0.00 0.25 0.00 0.00 0.00 0.50 0.00 0.00 0.25 0.25 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.25 0.00 O.SO 0.00 0.00 0.00 0.00 
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Appendix H .. Reference table of fecal pellet group abundance arranged by species scores along the first canonical axis against 
stands arranged by site scores along the first canonical axis for 1990. 
Species Stand 
9 8 6 10 7 13 3 5 16 17 14 15 4 12 2 19 18 11 20 
Lep arne 0.16 0.14 0.08 0.14 0.08 0.06 0.30 0.42 0.06 0.06 0.08 0.12 0.14 0.12 0.06 0.10 0.18 0.08 0.10 0.04 
Odo hem 0.02 0.20 0.08 0.22 0.20 0.22 0.26 0.18 0.20 0.16 0.28 0.36 0.20 0.14 0.38 0.40 0.32 0.34 0.28 0.26 
Cer ela 0.06 0.00 0.02 0.02 0.02 0.08 0.24 0.26 0.12 0.12 0.20 0.34 0.20 0.40 0.44 0.34 0.30 0.22 0.28 0.24 




Appendix 1. Reference table of avian and mammalian diversity indices arranged by species scores along the first canonical axis 
against stands arranged by site scores along the first canonial axis for a) 1991 and 1992 (birds) b) 1988 and 1990 (mammals), 
and c) 1989 and 1990 (mammals) 
a) Bird Index Stand 
21 13 22 23 19 37 16 38 33 35 24 29 30 10 17 26 39 36 25 11 14 40 28 32 27 15 18 31 20 4 . 3 34 
12 
Shannon 91 1.92 2.08 2.30 1.59 1.69 2. 14 2.22 2.27 2.65 2.44 2.17 2.81 2.52 2.44 1.74 2.48 2.42 2.21 1.94 2.94 3.00 2.88 2.78 2.71 2. 13 2.86 2.40 2.33 2.90 2.89 3. 13 2.69 2.83 2.82 3.04 3.09 3.09 3.06 3. 19 2.71 
Shannon 92 1.56 1.28 1.83 1.72 1.85 1.49 1.88 2.20 - 2.22 1.99 2.61 2.48 2.62 1.95 2.65 2.65 2.29 2.33 3.04 2.80 2.88 2.71 2.64 2.06 3.01 2.93 2.57 3. 13 2.82 3.09 2.88 3.10 3.00 2.96 3.06 3. 11 3.24 3.01 3.00 
Marple! 91 2.47 2.55 3. 11 1.95 2.34 2.55 2.86 3.27 4.57 3.75 2.94 4.70 3.56 3.66 1.84 3.29 3.13 2.94 2.27 4.82 5.58 5. 11 4.25 4. 10 3.08 4.73 3.52 3.37 5.02 5.30 5.77 4.20 4.60 4.78 5.03 5.48 5.55 6.25 5.63 4.OS 
Simpsons 91 8.S 10.1 14.3 5.6 6.0 9.3 10.3 11.0 12.5 13.0 9.3 18.9 13.3 11.8 5.7 13.3 12.7 8.3 7.0 20.8 20.4 17.2 17.9 13.7 6.2 16.1 9.5 9. 1 17.9 16.1 21.7 13.3 14.9 14.7 20.0 18.9 19.2 16.7 22.7 12.8 
Marple! 92 1.41 1.08 2.20 1.97 2.20 1.48 2.42 2.81 --- 2.89 2. 17 4.02 3.60 3.81 1.99 3.94 3.82 2.81 3. 13 4.95 3.85 4.78 3.92 4.31 2.68 5. 14 4.78 3.59 5.53 4.20 5.31 4.50 5.37 4.98 5.26 5.66 5.98 5.98 5.00 5.06 
Richness 91 1.0 9.0 11.0 6.0 7.0 10.0 11.0 12.0 20.0 14.0 11.0 20.0 IS .O 15.0 7.0 14.0 13.0 12.0 9.0 22,0 25.0 23.0 19.0 19.0 13.0 22.0 16.0 15.0 24.0 25 .0 29.0 20.0 23.0 24.0 26.0 29.0 30.0 33.0 31.0 21.0 
SimpsON 92 S.9 3.9 4.9 S.2 6.7 S.3 7.3 9.6 -- 8.8 7.6 11.6 12.2 14.3 7.5 14.9 14.9 10.0' 10.4 22.7 17.2 17.2 14.7 13.5 6.6 22.7 20.4 13.3 22.7 16.1 21.7 17.2 21.7 20.0 16.9 20.0 20.0 24.4 19.2 19.6 
Richness 92 S.O 4.0 9.0 7.0 8.0 S.O 1.0 11.0 - 12.0 9.0 18.0 1S.0 17.0 8.0 17.0 17.0 12.0 13.0 24.0 19.0 23.0 19.0 19.0 11.0 2S.0 22 .0 16.0 28.0 21.0 27 .0 22.0 27.0 2S.0 27.0 28.0 30.0 32.0 26.0 26.0 
Density 92 4.3 4.1 9.7 5.3 6.1 3.1 4.6 8.9 - 11.5 10.7 17.6 12.S 14.S 8.6 14.1 16.8 12.7 11.7 24.7 27.S 24.9 25 .2 16.0 10.7 27.2 19.6 16.8 33.6 29.8 33.8 27.2 32.3 31.8 '35 .6 31.0 32.6 45 .3 36.4 37.2 
Density 91 4.3 5.8 6.4 3.3 3.3 8.4 8.4 7.4 16.3 8.1 7.4 14.0 13.0 11.7 6.9 13.2 11.7 10.7 8.6 20.6 18.8 18.6 17.6 20.6 12.2 21.1 17.3 16.3 23.2 23.9 32.6 23 .4 28.5 31.3 36.9 42.8 44.5 42.8 52 .7 3S .4 






13 19 7 11 17 18 14 15 8 16 12 3 9 5 6 2 10 4 20 
2.79 4.85 3.14 4.47 2.18 4.27 3.89 5.56 3.12 1.84 3.72 6.02 2.50 2.84 3.44 1.79 2.45 2.92 3.40 4.33 
1.06 1.47 1.13 1.45 0.82 1.50 1.42 1.80 0.97 0.62 1.54 1.85 1.27 0.99 1.52 0.60 1.34 1.18 1.59 1.79 
1.08 1.41 1.21 1.31 0.65 1.52 1.20 1.94 0.96 0.34 1.72 1.86 1.17 0.74 1.64 0.38 1.67 1.23 1.76 2.04 
4.0 5.0 4.0 5.0 3.0 6.0 5.0 8.0 3.0 2.0 7.0 8.0 6.0 3.0 8.0 2.0 8.0 5.0 8.0 9.0 
7.2 12.7 9.0 13.2 7.1 18.6 19.8 29.6 15.6 12.3 35.4 51.8 29.0 24.2 41.6 18.1 45 .2 42.0 60.0 73.4 
c) Mammal Index (1989,1990) Stand 
8 6 7 13 19 II 17 9 18 14 10 15 16 12 2 5 20 4 3 
Simpsons 2.90 1.64 2.30 2.79 4.85 4.46 2.18 1.90 4.27 3.18 2.04 5.56 2.30 1.84 6.02 3.16 3.91 4.33 3.18 3.26 
ShaMan 1.17 0.64 0.92 1.06 1.47 1.45 0.82 0.73 1.50 1.44 1.00 1.80 1.24 0.62 1.84 1.52 1.59 1.79 1.44 1.47 
Margalef 1.23 0.57 0.62 1.08 1.41 1.31 0.65 0.56 1.52 1.73 1.23 1.94 1.73 0.34 1.86 1.77 1.83 2.04 1.73 1.65 
Richness 5.0 3.0 3.0 4.0 5.0 5.0 3.0 3.0 6.0 8.0 5.0 8.0 7.0 2.0 8.0 8.0 8.0 9.0 8.0 7.0 
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EXPERIENCE 
Duties: Analyze bird transect data collected from several Idaho tree plantations owned 
by Boise-Cascade, inc. Compute bird density using program DISTANCE, a modified 
TRANSECT program. Compute bird community diversity indices using a local software 
package, DIVERSITY, on the VMS system. Produce a report of the quantitative results 
of these analyses. 
Graduate Research Assistant 
Fisheries & Wildlife Department 
UMC 5210 
Utah State University 
8/88 - 4/92 
Supervisor: Dr. Michael L. Wolfe 
Dissertation title: The impact of a mountain pine beetle epidemic on wildlife 
communities and habitat in lodgepole pine stands in northern Utah. 
Duties: Collect field data on density and diversity of mammal, bird, insect, and plant 
communities in post-epidemic stands of mature lodgepole pine, collect data on various 
forest structure parameters in the same stands, analyze the results in the context of the 
intermediate disturbance hypothesis, and prepare results for publication. 
Graduate Research Assistant 
Fisheries & Wildlife Department 
UMC 5210 
Utah State University 
11/84 - 10/87 
Supervisor: Dr. Michael L. Wolfe 
Thesis Title: Control and evaluation of big game browsing damage to commercial fruit 
orchards. 
Duties: Distribute food to wintering deer, fence orchard trees, perform necropsy on 
roadkills and feedsite casualties to determine age, reproductive status, condition, and 
cause of death, evaluate browsing damage, assess distibution of deer herd, estimate deer 
density, harvest orchards, analyze data using computer software, prepare results. 
Field Technician 
Fisheries & Wildlife .Department 
Utah State University 
8/94 
Supervisor: Dr. Michael Wolfe 
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Duties: Assist in collection of habitat assessment data for potential reintroduction of 
Rocky Mountain goats in northern Utah mountains. Vegetative cover assessment, 
determination of horizontal visual obscurity (security cover), and forage availability 
measurement. 
Field Technician 
Fisheries & Wildlife Department 
Utah State University 
3/85-5/85, 3/86-5/86 
Supervisor: Dr. Gordon Rogowitz 
Duties: Assist in census of white-tailed jackrabbits in southwestern Wyoming using 
nighttime spotlighting from road transects, occassional capture with nets, and collection 
with a rifle. 
Volunteer Laboratory & Field Technician 
USDA Predator Research Facility 
Millville, Utah 
8/92-9/93 
Supervisor: Dr. Frederic Knowlton 
Duties: Custodian/Caretaker of the Predator Research Facility, check health and safety 
of research animals (coyotes) and condition of security fences and water supplies once 
a week, occassionally feed coyotes and clean kennels, assist graduate student in bottle-
feeding coyote pups, and administer medications when needed. 
Volunteer Field Technician 
School of Forest Resources & Conservation 
University of Florida 
4/1983 - 8/1983 
Supervisors: Drs. John Eisenberg & Mel Sunquist 
Duties: Locate and record positions of radio-collared opossums, red foxes, cougars, and 
bobcats with radio telemetry equipment. Describe macro and micro habitat at den sites 
or locations including: vegetation type, den site type, and den temperatures. 
Occassionally trapped and assisted in the immobilization and examination of trapped 
animals. Analyzed thermo-behavioral response of opossums during the summer. 
B.TEACHING 
Instructor 
Uintah Basin Campus, Utah State University 
1/95 - 3/95 
Supervisors: Drs. Laird Hartman and Raymond Dueser 
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Duties: Instruct a junior class (FW 300) entitled, "Principles of Fish and Wildlife 
Management" to 5 students. Prepare course material, exams, and homework problem 
sets. Grade exams and homework problem sets. 
Instructor 
Uintah Basin Campus, Utah State University 
1/95 - 3/95 
Supervisors: Drs. Laird Hartman and Raymond Dueser 
Duties: Instruct a sophmore class (FW 250) entitled, "World Wildlife" to 14 students. 
Prepare course material and exams, grade exams and term paper. 
Instructor 
Uintah Basin Campus, Utah State University 
9/94 - 12/94 
Supervisors: Drs. Laird Hartman and Terry Sharik 
Duties: Instruct a junior class (FR 300) entitled, "Principles of Forestry" to 6 students. 
Prepare course material and exams, grade exams and term paper. 
Instructor 
College of Natural Resources 
Utah State University 
9/94 - 12/94 
Supervisor: Dr. John Kadlec 
Duties: Instruct a freshman class (NR101) entitled, "Natural Resources and the Future" 
to approximately 250 students. Prepare course material and exams, supervise 9 teaching 
assistants for discussion sections (NR102), and prepare and grade additional writing and 
discussion assignments for the 20 students enrolled in the Honors section of the course 
(NR101H). 
Instructor 
Fisheries & Wildlife Department 
Utah State University 
9/91 - 12/91, 9/92 - 12/92, 9/93 - 12/93 
Supervisor: Dr. Raymond Dueser 
Duties: Instruct a graduate level class (FW 519) entitled, "Advanced Wildlife 
Techniques" to approximately 25 students. Prepare lecture, laboratory, and field 
assignments , accompany class on weekend field trips, prepare examinations, grade 
examinations and writing assignments. 
Instructor 
Fisheries & Wildlife Department 
Utah State University 
1/91 - 3/91 
Supervisor: Dr. Raymond Dueser 
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Duties: Instruct a sophmore class (FW 290) entitled, "Game Birds & Mammals" to 
approximately 80 students. Prepare lecture and laboratory assignments, supervIse a 
teaching assistant, and prepare and grade examinations. 
Instructor 
Fisheries & Wildlife Department 
Utah State University 
3/89 - 6/89 
Supervisors: Drs. Joseph Chapman & Michael L. Wolfe 
Duties: Instruct a senior class (FW 430) entitled, "Wildlife Habitat Management" to 30 
students. Prepare lecture assignments and examinations, and grade examinations and 
term papers. 
Teaching Assistant 
Fisheries & Wildlife Department 
Utah State University 
9/94 
Supervisor: Dr. Mark Ritchie 
Duties: Assist instructors in the new techniques courses for juniors entitled, "Field 
Ecology" (FW385), "Fisheries Techniques" (FW387), and "Wildlife Techniques" 
(FW388) for approximately 40 students. Assist in the field instruction of a broad range 
of wildlife and fisheries techniques during a two-week intensive summer camp. 
Teaching Assistant 
College of Natural Resources 
Utah State University 
10/85-12/85, 10/86-12/86, 10/87-12/87, 10/89-12/89, 
10/90-12/90, 10/91-12/91, 10/93-12/93 
Supervisors: Drs. Richard Schreyer, Jeff McDonnell, and Dale Blahna 
Duties: Assist in grading exams for freshman class (NR101) entitled, "Natural Resources 
and the Future", instruct a discussion section (NR102) for NR majors, grade term papers 
written by students in the discussion section. Coordinate 7 -9 teaching assistants 
(1989,1991,1993), instruct honors section of NRI02 (1990,1991,1993). 
Exam Grader & Guest Lecturer 
Fisheries & Wildlife Department, Utah State University 
3/87 -6/87 (FW 430 Wildlife Habitat Management) 
3/87-6/87 (FW 410 Wildlife Law Enforcement) 
1/90-3/90 (FW 386 General Ecology) 
C.LABORATORY 
Laboratory Technician 
Utah Division of Wildlife Resources 
1596 West North Temple 
Salt Lake City, Ut. 84116 
3/85-5/85, 1/86-6/86, 2/87-5/87, 2/88-6/88, 2/89-5/89 
Supervisors: Dwight Bunnell, Walt Fitzgerald, Bill Bates 
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Duties: Age determination of mule deer, elk, moose, bison, bobcat, marten, coyote, 
antelope, and bear using the cementum annulation technique on teeth. 
- tooth extraction and preparation 
- tooth root decalcification 
- tooth root sectioning using cryostat and microtome 
- section staining and reading 
Laboratory Supervisor 
Fisheries & Wildlife Cooperative Unit 
Utah State University 
4/90-6/90, 3/91-6/91, 3/93 
Supervisor: Dr. John Bissonnette 
Duties: Train laboratory technicians in the use of the cementum annulation technique, 
assist in age determination of bobcat teeth, supervise laboratory personnel. 
D. LmRARY 
Library Aide 
Fisheries & Wildlife Department 
Utah State University 
6/85-8/85, 6/86-6/88 
Supervisors: Mary Gnehm and Nancy Banks 
Duties: Assign keywords to computerized catalog of wildlife reprint collection, assist 
patrons with reference questions, assist in the supervision of undergraduate 
student workers, evaluate the worth of donations to the library, perform basic library 
chores as needed. 
Library Figurehead 
Fisheries & Wildlife Department 
Utah State University 
9/88-5/89 
Supervisor: Dr. Joseph Chapman 
Duties: Performed all library functions solo upon the unfilled vacancy of the librarian 
position and prior to the warehousing of the collection. This included supervising 
temporary personnel needed for disassembling and packing the collection. 
Library Assistant/Consultant 
Quinney Natural Resources Research Library 
College of Natural Resources 
Utah State University 
1/92-12/93 
Supervisors: Charles Gay and Carla Heister 
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Duties: Supervise the reassembly of the library in the new facility prior to the arrival of 
the library director, orient new librarians to the collection, evaluate donations, process 
journals for binding, assign subject headings to the college's collection of theses and 
dissertations, revise keyword list to include other disciplines in the college, keyword 
natural resources reprinted articles, supervise undergraduate student workers, assist in 
cataloging the collection, and assist patrons with reference questions and with the 
production of technical slides using computer graphics programs. 
E.OTHER 
Manufacturing Foreman 
Sabine Musical Manufacturing Co., inc. 
505 N.W. 13th Street 
Gainesville, Florida 
2/79-10/84 
Supervisor: Doran Oster, owner 
Duties: Supervising several men and materials to manufacture the Sabine capo used on 
stringed musical instruments. Work included processing and shipping foreign and 
domestic purchase orders, cutting and drill pressing aluminum, assembly of accessory 
parts, repair of industrial machinery, and occassional odd jobs including construction and 
remodeling, painting, electrical and carpentry work, and grounds care. 
PUBLICATIONS 
Stone, William E. 1988. Evaluation and control of big game browsing damage to 
commercial fruit orchards. Utah State University M.S. Thesis. 53 pp. 
Stone, William E. and Michael L. Wolfe (submitted to Journal of Wildlife 
Management). Evaluation and control of mule deer browsing damage to 
commercial fruit trees in northern Utah. 
Austin, D.D., W.E. Stone, and Michael L. Wolfe. 1989. Relationship of growing 
points removed and loss of apple production in mature orchards. Utah State 
Division of Wildlife Resources, Federal Aid Project W-I05-R. 6 pp. 
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Duff, D.A., N. Banks, E. Sparks, W.E. Stone, and R. Poehlmann. 1988. Indexed 
bibliography on stream habitat improvement. U. S. Forest Service, Intermountain 
region, Ogden, ut. 121 pp. 
Stone, William E. (submitted to Journal of Wildlife Management). Opossum thermal 
regulation and summer den site selection in northcentral Florida. 
Stone, W.S. and M.L. Wolfe. (accepted in Vegetatio). Response of understory 
vegetation to variable tree mortality following a mountain pine beetle epidemic in 
mature lodgepole pine stands in northern Utah. 
Stone, William E. and Michael L. Wolfe. (submitted to Western Journal of Applied 
Forestry) The effects of variable mountain pine beetle-related tree mortality on 
forest structure and wildlife habitat parameters in mature lodgepole pine stands in 
northern Utah. 
Stone, William E. and Michael L. Wolfe. (submitted to Conservation Biology) 
Response of avian and mammalian communities to variable tree mortality following 
a mountain pine beetle epidemic in mature lodgepole pine in northern Utah. 
Stone, William E. and Michael L. Wolfe. (submitted to Environmental Entomology) 
Response of insect communities to variable tree mortality following a mountain 
pine beetle epidemic in mature lodgepole pine in northern Utah and relationships to 
forest structure. 
Stone, William E. and Michael L. Wolfe. (in prep.) Relationships between wildlife 
community responses and wildlife habitat responses to variable tree mortality 
following a mountain pine beetle epidemic in mature stands of lodgepole pine in 
northern Utah. 
Stone, William E. The impact of a mountain pine beetle epidemic on wildlife habitat 
and communities in post-epidemic stands of a lodgepole pine forest in northern 
Utah. Ph.D. Dissertation, USU. 
PAPERS PRESENTED AT PROFESSIONAL MEETINGS 
The impact of mountain pine beetle epidemics on wildlife habitat in mature lodgepole 
pine stands in northern Utah. Utah Wildlife Society annual meeting, Mar. 1990, 
Wendover, NV. 
The impact of a mountain pine beetle epidemic on wildlife communities and habitat in 
mature lodgepole pine forests in northern Utah. Ecological Society of America annual 
meeting, Aug. 1993, Madison, WI. 
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The impact of variable tree mortality following a mountain pine beetle epidemic on 
wildlife communities and habitat in mature lodgepole pine stands in northern Utah. Utah 
Wildlife Society annual meeting , Jan. 1994, Provo, U t. 
GRANTS 
McIntire-Stennis Forest Research Grant, Utah Agricultural Experiment Station (1988-
1992): assisted Dr. Michael Wolfe, principle investigator, in drafting the grant proposal. 
HONORS 
* Student of the year (1983-1984) at UF School of Forest Resources and Conservation 
* Wildlife Society member of the year (1983-1984) at UF 
* First place student research paper presented at 8th annual S. E. wildlife conclave 
* President of Student Council for UF School of Forest Resources and Conservation 
(1983-1984) 
* Recipient of Beck Scholarship (SFCC), President's Scholarship(SFCC), Teague 
College of Agriculture Scholarship (UF) 
* Phi Kappa Phi Honor Society 
SOCIETY MEMBERSHIPS 
The Wildlife Society (Parent, State, and Student chapters) 
The Ecological Society of America 
Phi Kappa Phi Honor Society 
VOLUNTEER SERVICE 
Faculty Search Committee Member 
Fisheries & Wildlife Department, CNR 
Utah State University 
Duties: Assisted in searches for Dean, Wildlife Extension Specialist, and three Natural 
Resources librarian positions including the Director. 
